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FOREWORD 
This volume of t he  NASA Planetary Fl ight  Handbook contains t r a j ec to ry  
data t o  a i d  t h e  mission analyst  i n  t he  planning of stopover missions 
t o  Mars that employ t h e  Venus swingby mode. Canpared t o  other m i s -  
s ion modes, the  Venus swingbys yield subs t an t i a l  reductions i n  pro- 
puls ive ve loc i ty  and Earth entry speed requirements when employed as 
par t  of a round t r i p  stopover mission. Conversely, the swingbys are 
at bes t ,  of marginal u t i l i t y  for one-way missions. Consequently, 
t h i s  Handbook has been t a i lo red  expressly f o r  use i n  the  planning 
of round t r i p  missions. The relevant char t s ,  graphs, and tabular  
data are presented for t h e  t o t a l i t y  of such missions, i .e.,  i n  terms 
of t o t a l  round t r i p  mission duration and stopover time at  Mars. 
Recognizing, however, t h a t  within the context of round t r i p  missions 
the single-leg data can be of importance i n  ce r t a in  phases of t h e  
mission analyses, all such data has been preserved on a master 
magnetic tape.  
ested organizations. 
Copies of t h i s  tape vi11 be made avai lable  t o  in t e r -  
This latest  addi t ion t o  t h e  NASA SP-35 series of docunents was pre- 
pared under t h e  d i r ec t ion  of the  study manager, J. L. Horsewood, 
by t h e  Missile and Space Systems Division of the  Douglas Ai rc ra f t  
Ccmpany under contract  NAS 2-4175. I n  addi t ion t o  the  efforts of 
t h e  study manwer, the contributions of B. A. Glassman, G. P. Bonham, 
and G. P. Uphoff are g ra t e fu l ly  acknowledged. In addi t ion,  c r e d i t  
should be given t o  S. M. Norman of the  NASA/OART Mission Analysis 
Division f o r  her pa r t  i n  verifSring t h e  t r a j ec to ry  data. 
t h e i r  e f f o r t s ,  t h i s  volume should prove t o  be a source of comprehen- 
s ive  and reliable data per ta ining t o  the  Venus swingby mode. 
it is a l s o  recognized t h a t  i t s  preparation would not have been pos- 
sible were it not f o r  t h e  many researchers who throughout the pas t  
several  years have contributed so much t o  the basic  understanding of 
these  missions. 
Because of 
Y e t  
iii 
It is not t h e  purpose of t h i s  Handbook t o  canpare the Venus swingby 
mode of Mars round t r i p s  w i t h  the a l t e r n a t e  mis s ion  modes. 
for t h e  mission ana lys t s ,  of today, and the f l i g h t  program managers, 
of tanorraw, t o  determine the most su i t ab le  means for  carrying out 
manned exploration of Mars. 
conviction of many who are ac t ive ly  eqaged i n  the  analysis  of manned 
planetary missions i s  tha t  the  Venus swingby mode is a pranising 
means by which round t r i p  stopover missions t o  Mars can be carried 
out. 
It remains 
It is su f f i c i en t  t o  state here t h a t  the 
Je r ry  Deerwester 
NASA/OART Mission Analysis Division 
August 1967 
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Section 1 
GENERAL DISCUSSION 
This handbook contains a s e r i e s  of charts and t ab le s  of t r a j e c t o r y  data f o r  
round-trip Mars stopover missions using Venus swingbys. The t r a j ec to ry  data 
are presented f o r  t h e  more favorable missions t h a t  are avai lable  i n  the  
1975-1999 time period. The data i n  t h i s  handbook are r e s t r i c t e d  t o  those 
missions which combine a d i r ec t  l e g  and a b a l l i s t i c  Venus swingby l eg ;  t h a t  
is, missions which employ Venus swingbys on both t h e  outbound and inbound 
legs  are not included. Round t r i p  missions with stopover times at Mars of 
zero, 30, and 60 days are presented. 
minimum mission ve loc i ty  requirements and associated Earth en t ry  speeds f o r  
each opportunity are presented as a f'unction of mission duration f o r  both pro- 
pulsive braking and aerodynamic braking at Mars. 
Also, as an a i d  t o  t h e  ana lys t ,  t h e  
Backmound Information 
The first indicat ions of t h e  po ten t i a l  advantages of employing Venus swingbys 
f o r  Mars missions were provided through the  independent e f f o r t s  of Sohn' and 
Ho l l i s t e r  , 
Ross , and Deerwester and D'Haern5.gave quant i ta t ive  evidence t h a t  t h e  Venus 
swingby mode qffers subs t an t i a l  savings i n  propulsion and entry speed require- 
ments o$er the  more familiar d i r ec t  mode. 
conclusion t h a t  Mars missions employing t h e  Venus swingby occur per iodica l ly  
and may be predicted far i n t o  t h e  future. 
2 These and the  subsequent works of Deerwester3, Gi l lesp ie  and 
4 
1 
Also of great importance w a s  t h e  
The per iodic i ty  of t h e  Venus swingby missions is  due t o  t h e  f ac t  t ha t  r e l a t i v e  
configurations among the  planets  Ear th ,  Mars, and Venus repeat almost exactly 
every 2338 days (-6.4 yea r s ) ,  
period during which Venus passes through i n f e r i o r  conjunction four times, Mars 
passes through opposition three  times and Venus and Mars pass through t h e i r  
mutual alignment seven times. 
"his time i n t e r v a l  cons t i tu tes  a syzygis t ic  
1 
Since shor t  f l i g h t  t i m e ,  l o w  energy t r a j e c t o r i e s  between any two of these 
planets a r e  characterized by departure p r i o r  t o  and a r r i v a l  after t h e  date of 
an alignment, t h e  knowledge of when all of t h e  alignments occur i s  important 
in predicting the ava i l ab i l i t y  of Venus swingby missions. 
Since r e l a t ive  configurations among the  three  planets repeat every 6.4 years ,  
one would expect t ha t  similar swingby missions would a l so  repeat every 6.4 
years ,  at  l ea s t  i n  a qua l i t a t ive  sense. 
alignment configurations tha t  occur during t h i s  period, it is reasonable t o  
expect t h a t  there  may e x i s t  more than one c lass  of swingby t r a j e c t o r i e s  within 
each syzygistic period. Gil lespie  and Ross approached t h i s  poss ib i l i t y  by 
considering whether, f o r  re turn  f l i g h t s  from Mars t o  Earth, there  exis ted 
favorable (i.e.,  lox energy) t r a j e c t o r i e s  from Mars t o  Venus and from Venus 
t o  Earth with common dates at Venus. They reasoned tha t  there  could be no 
more than seven classes  of swingby t r a j e c t o r i e s  within a syzygis t ic  period 
because i n  t h a t  time period only seven Mars-Venus alignments occur, and t h i s  
type of alignment recurs most frequently. 
Venus alignment date ,  chosen f o r  convenience as a reference because it is  near 
the  date tha t  both planets a r e  i n  conjunction with Ea r th ,  consecutive alignments 
were numbered from one t o  seven, covering a complete syzygis t ic  period. 
numbering system i s  i l l u s t r a t e d  l a t e r  i n  Table 2-4. 
Furthermore, because of the  many 
4 
Commencing with a par t i cu la r  Mars- 
This 
Upon studying the Mars-to-Venus t r a j e c t o r i e s  associated with each of t he  aeven 
alignments, it was possible t o  immediately eliminate from contention Category* 
2, 4, and 6 t r a j ec to r i e s  because there  ex is ted  no favorable Venus-to-Earth 
t r a j ec to r i e s  which departed Venus on or near t h e  a r r i v a l  dates of favorable 
t r a j e c t o r i e s  from Mars. 
Category 1 and 7 t r a j e c t o r i e s  a re  theore t ica l ly  possible ,  they a re  not com- 
p e t i t i v e  w i t h  t he  d i r ec t  Mars-to-Earth t radec tor ies  e i t h e r  i n  terms of energy 
requirements or f l i g h t  t i m e .  
Venus swingby missions t h a t  are of i n t e r e s t  i n  each syzygis t ic  period. 
because of t h e  near mirror image re la t ionship  between inbound and outbound 
Furthermore, subsequent s tudies  showed t h a t  although 
This leaves,  then, Category 3 and 5 inbound 
Final ly ,  
q h e  terminology '"yp e" rather than "Category" w a s  emplayed by Gi l lesp ie  and 
Ross. 
t r a j ec to ry  Type 1 or 2 denotes t r ans fe r  angles l e s s  than or grea ter  than 180 
degrees, respectively, t h e  term Category is emplayed here. 
To prevent confusion w i t h  t h e  more common terminology i n  which a 
2 
t r a j e c t o r i e s ,  it is possible  t o  number the Mars-Venus alignments from one t o  
seven i n  reverse chronological order, commencing from t h e  same reference al ign-  
ment, such t h a t  t h e  conclusions drawn above f o r  inbound swingby t r a j e c t o r i e s  
will apply a l s o  t o  outbound swingby t r a j ec to r i e s .  
per iod four  swingby opportuni t ies  ( i , e . ,  Category 3 and Category 5, both in- 
bound and outbound) are of i n t e r e s t  and call for de t a i l ed  examination. 
Hence, within one syzygis t ic  
Between the  years 1975 and 1999, inclusive,  nearly four full syzygis t ic  per- 
iods take place.  Thus, t he re  a re  a total  of 16 mission opportuni t ies  i n  t h e  
25 year  period. 
presented i n  Table 1-1. In subsequent discussions,  t h e  year  of t h e  Earth-Mars 
opposit ion,  r a t h e r  than Earth departure year f o r  example, is used t o  d is t inguish  
between the  various opportuni t ies .  Each opportunity i s  d i r e c t l y  r e l a t e d  t o  
a spec i f i c  opposit ion through t h e  d i r e c t  l e g  of the  round t r i p  mission which 
Information per ta in ing  t o  each of t h e  16 opportuni t ies  is 
TABLE 1-1 
MISSION OPPORTUNITIES 
:art h- Mar3 
Year 
1975 
1978 
1978 
1980 
1982 
19 84 
19 84 
19 86 
1988 
1990 
1990 
199 3 
199 5 
1997 
1997 
1999 
w o n  
J u l i a n  Date 
244 2762 
35 30 
3530 
429 5 
5060 
5832 
5832 
6622 
7433 
8223 
8223 
899 5 
244 9761 
245 0525 
0525 
245 1293 
Mars-Venus 
Alignment 
( Ju l i an  Date) 
244 3016 
3367 
3685 
4034 
5366 
5693 
6032 
6362 
7701 
8028 
8370 
244 8694 
245 0027 
0378 
0694 
245 1047 
3 
Category 
Number 
3 
5 
5 
3 
3 
5 
5 
3 
3 
5 
5 
3 
3 
5 
5 
3 
Mission P r o f i l e  
Inbound Swingby 
Outbound Swinpby 
Inbound Swingby 
Outbound Swingby 
Inbound Swingby 
Outbound Swingby 
Inbound Swingby 
Outbound Swingby 
Inbound Swingby 
Outbound Swingby 
Inbound Swingby 
Outbound Swingby 
Inbound Swingby 
Outbound Swingby 
Inbound Swingby 
Outbound Swingby 
is i n  progress when t h e  OPposition takes Place. Note i n  Table 1-1 t h a t  t h e  
Category 5 outbound and inbound opportuni t ies  within the  same s y z y g i s t i c  period 
u t i l i z e  a common opposit ion,  although t h e  Mars-Venus alignment da t e s  are d i f -  
f e r en t  . 
Handbook Content 
This handbook is comprised of s i x  sec t ions .  The explanatory t e x t ,  of which t h i s  
discussion is a p a r t ,  i s  contained i n  Section 1. The explanatory t e x t  descr ibes  
the  technical approach employed i n  generating the  da ta  and provides br ie f  de- 
s c r ip t ions  of the mathematical model assumed f o r  t h e  study. In  Section 2 ,  a 
t ab le  of t h e  planetary constants  t h a t  w e r e  employed i n  the  t r a j ec to ry  calcula- 
t i o n s  is presented. Also included are aux i l i a ry  cha r t s  and tab les ,  including a 
planetary ephemeris, which w i l l  ass is t  t he  mission analyst  i n  studying the  
swingby opportunities.  The trajectory da ta  are presented i n  graphical form i n  
Section 3. The graphical presentat ion cons i s t s  of a set of th ree  cha r t s  f o r  
each mission opportunity. The f i rs t  is termed a contour char t  which d isp lays  
constant contours of hyperbolic excess speeds, Venus passage da te  and passage 
dis tance o n  a gr id  of da te  a t  E a r t h  and da te  a t  Mars. The second char t  shows 
the  minimum t o t a l  mission veloci ty  requirements a s  a function of mission dura- 
t i on  f o r  both propulsive braking and aerodynamic braking a t  Mars. The corre- 
sponding Earth en t ry  ve loc i t i e s  are shown i n  the  t h i r d  char t ,  a l s o  a s  a funct ion 
of mission duration. Sections 1, 2 ,  and 3 a r e  bound together t o  f a c i l i t a t e  
t h e i r  use independently of the  tabular  da ta .  
The detai led t r a j ec to ry  data f o r  t h e  round-trip Mars missions are  tabulated 
i n  Sections 4 ,  5, and 6 f o r  stopover t i m e s  of zero,  30, and 60 d a y s ,  re- 
spect ively.  The three sec t ions  are bound separa te ly  as Supplements A ,  B ,  
and C and can be obtained from t h e  Technical Information Division, A m e s  
Research Center, National Aeronautics and Space Administration, Moffett 
F i e l d ,  California 94035. 
Technical Approach 
This handbook is spec i f i ca l ly  designed f o r  s tud ie s  of round-trip Mars stop- 
over missions. The outbound and inbound t ra jector ies  were generated sepa- 
r a t e l y  and then matched t o  y ie ld  round-trip missions w i t h  spec i f ied  mission 
durat ions and stopover times. For each mission opportunity,  the  swingby 
4 
t r a j ec to ry  data were evaluated f i r s t .  
launch or  arrival date of t h e  swingby l e g  w e r e  used as t h e  primary independent 
parameters. The var ia t ion  of a r r i v a l  date with swingby date fb r  given launch 
date is nearly l i n e a r  i n  some opportunities while t h e  launch date-swingby 
date var ia t ion  is more nearly linear i n  other opportuni t ies ,  To expedite the  
interpolat ion procedures, t h e  date t h a t  is least l i nea r  w i t h  swingby da te  was 
chosen as t he  independent parameter*. The Venus swingby date w a s  incremented 
a spec i f i c  amount (two days and f i v e  days f o r  Category 5 and 3 swingbys, 
respec t ive ly) ,  holding the launch ( a r r iva l )  date  constant. 
procedure w a s  used t o  obtain the  t r a j ec to r i e s  corresponding t o  spec i f i c  values 
of the a r r i v a l  (launch) date. 
t o  i s o l a t e  t r a j e c t o r i e s  t h a t  l i e  on t h e  constant hyperbolic excess speed and 
passage distance contours. The incrementing of Venus swingby date w a s  auto- 
matically terminated at spec i f ied  bounds of e i the r  the  swingby date  or the  
a r r i v a l  (launch) date. 
launch (arr ival)  date w a s  incremented (ten days ) and the  procedure repeated. 
The Venus swingby da te  and e i t h e r  t he  
An interpolat ion 
This interpolat ion procedure w a s  a l s o  employed 
A f t e r  completing t h e  sweep of t he  swingby date ,  t h e  
Table 1-2 lists the  ranges of dates which were searched t o  obtain both t h e  
TABLE 1-2 
W G E S  OF DATES INVESTIGATED 
Note: Dates are Julian minus 244 0000 -
I I I Direct Leg 
1975 Inbound 
1978 Outbousld 
1978 Inbound 
1980 Outbomd 
1982 Inbound 
1984 Outbound 
1984 Inbound 
1986 Outbouad 
1988 Inbound 
1990 Outbound 
1990 Inbound 
1993 Outbound 
1995 Inbaurrd 
1997 Outbomd 
1997 Inbound 
1999 Outbound 
2500-2730 
3460-3640 
3230-3480 
4100-4390 
4800-5030 
5750-5970 
5600-5830 
6410-6690 
7850-8260 
7180-7U0 
7950-8150 
8760-9010 
9500-9700 
10220-10450 
lllOo-ll360 
10370-10660 
Swingby h g  
2650-2950 
3620-3880 
3490-3620 
4300-4630 
5100-5300 
5830-6200 
5780-6020 
7420-7630 
6600-6900 
8180-8500 
8200-8340 
9000-9250 
9740-9950 
10550-10800 
10510-10650 
11300-ll550 
2700-2930 
3140-3220 
3800-3920 
5150-5300 
5470-5580 
5840-6020 
3460-3620 
6110-6230 
7480-7630 
8110-8320 
Tl70-7870 
8470-8590 
9800-9950 
10060-10300 
10470-10630 
10790-10910 
3010-3070 
3280-3360 
3680-3810 
3990-4030 
5360-5410 
5560-5650 
6000-6200 
6300-6340 
7710-7760 
7930-8010 
8380-8500 
8650-8710 
10230-10360 
10980-11030 
10000-10080 
10710-10800 
3100-3260 
3460-3580 
38OO-LOOO 
4100-4330 
5450-5600 
5750-5910 
6120-6350 
6410-6630 
7000-7960 
7980-8200 
8460-8600 
8760-8950 
10120-10320 
10370-10600 
10780-1ll10 
l l l O O - U N O  
*Experience has shown t h a t  t h i s  date i s  the  departure da te  of the  swingby 
leg for Category 3 outbound swingbys and Categoqy 5 inbound swingbys. 
Arrival da te  is employed f o r  t he  remaining opportunities.  
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d i rec t  and the swingby-leg t r a j ec to ry  data  fo r  each of t he  mission opportu- 
n i t i e s .  
by mstchingthe appropriate outbound and inbound legs. 
The t r a j ec to ry  data for  the  complete round-trip missions were obtained 
Computer Promam and Models 
The programused t o  obtain the  t r a j ec to ry  data is based on patched conic theory 
and requires 88 inputs t he  Ju l ian  date of departure from t h e  launch planet  (o r  
the  date of a r r i v a l  at  the target planet)  and the  date of passage of the  swing- 
by planet .  
elements t o  loca t e  the  launch and swingby planets (and thereby the  terminals 
of t he  t r a j ec to ry )  on the dates of i n t e re s t .  
treats a l l  planetary o r b i t s  as eccentr ic ,  mutually incl ined e l l i p s e s  which 
are fixed i n  space. 
Reference 6 and are presented subsequently i n  Section 2. 
These input dates are used i n  conjunction with a set of man 
An i n t e rna l  ephemeris rout ine 
The elements of the planetary o r b i t s  were extracted from 
The elements of any conic t r a j ec to ry ,  given the  two terminal radius vectors 
and the  t ransfer  t i m e ,  are evaluated by means of an i t e r a t i v e  solut ion t o  
Kepler's Equation. This solut ion i s  terminated when t h e  desired t r ans fe r  
t i m e  i s  achieved within a tolerance of 0.01 percent of t he  desired t r ans fe r  
t i m e .  
planetary mission. 
This technique is  employed t o  evaluate each t r a n s f e r  l e g  of t h e  i n t e r -  
The computation of swingby t r a j e c t o r i e s  is based on the  theory t h a t  the so le  
e f f ec t  of a close planet  passage is t o  r o t a t e  t he  hyperbolic excess veloci ty  
vector. 
the swingby and the  t a rge t  planets f o r  which the  hyperbolic excess speed at 
departure i s  t h e  same as tha t  a t  a r r i v a l  on the  t r a j ec to ry  from t he  launch 
planet.  The def in i t ion  of the post-encounter t r a j ec to ry  possessing the  desir-  
ed charac te r i s t ic  is achieved t h r o u a  the use of an autollgted i t e r a t i v e  search 
procedure. 
encounter traJectory t r ans fe r  time as an input i n to  the  t r a j ec to ry  rout ine 
described i n  t h e  preceding paragraph. The t r ans fe r  t i m e  is then perturbed 
t o  find the  s e n s i t i v i t y  of hyperbolic excess speed at  departure with respect 
t o  t r ans fe r  t i m e .  
The problem is one of determining that  pa r t i cu la r  t raJec tory  between 
This procedure employs an i n t e rna l ly  generated guess of the post- 
This s e n s i t i v i t y  is used i n  conjunction with the  difference 
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i n  t h e  desired and the achieved departure hyperbolic excess speeds t o  define 
a c loser  estimate of the  t r a n s f e r  time. Th i s  i t e r a t i v e  procedure is  repeated 
u n t i l  the  departure speed matches the a r r iva l  speed within 3 m/sec. 
The numerical techniques employed i n  performing t h e  i t e r a t i o n  described above 
are based on t h e  shape of the curve of departure hyperbolic excess speed as 
a f'unction of f l i g h t  t i m e  for  a t yp ica l  transfer from Venus t o  the  target 
planet .  
represents  the speed at Venus, t 
p lane t ,  and 4 is  the t r a n s f e r  anele between Venus and t h e  target planet .  
The highly sens i t ive  region i n  t h e  center is cha rac t e r i s t i c  and occurs a t  t h e  
t r a n s i t i o n  from Type 1 ( +  < 180O) t o  Type 2 ( 4  > 1 8 0 ~ )  t r a j e c t o r i e s .  
desired value of departure speed (which is t h e  speed of a r r i v a l  a t  Venus) may 
be any value along t h e  v e r t i c a l  s ca1e ; th ree  representat ive cases are shown 
by the horizontal  dashed l i n e s  denoted a ,  b ,  and C. It is seen t h a t  from 
zero t o  four  solut ions t o  the problem may be avai lable .  When four solut ions 
are ava i lab le  there ex i s t  two each for Type 1 and Type 2 t r a j e c t o r i e s .  
each type,  t h e  shor te r  f l i g h t  t i m e  solution i s  termed Class 1 and t h e  longer 
f l i g h t  t i m e  solut ion is  termed Class 2. 
d i f f e ren t  t r i p  times, d i f fe ren t  swingby passage dis tances ,  and, i n  general ,  
The general shape of t h i s  curve i s  shown i n  Figure 1-1 where VoD 
is the f l i g h t  t i m e  from Venus t o  t h e  target f 
The 
For 
Each of the  four solut ions represents 
a 
Q) 
Q) 
E4 
m 
I constant date a t  Venus 
I- 
Flight  time, tf 
Fig. 1-1 Character is t ic  Behavior of Hyperbolic Excess Speed 
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completely d i f fe ren t  t r a j e c t o r i e s .  
solut ions yield passage dis tances  above t h e  surface of t h e  swingby planet.  
Each of t he  po ten t i a l  solut ions w a s  invest igated individual ly  by input option 
of t h e  t ra jec tory  types and classes  of i n t e r e s t .  A preliminary inves t iga t ion  
was  performed first t o  determine the date ranges associated w i t h  each type and 
c l a s s .  
Table 1-2, a de ta i led  invest igat ion w a s  conducted of t h e  corresponding type 
and c l a s s .  
Usually, no more than one o r  two of t he  
For those ranges t h a t  overlapped the  regions of i n t e r e s t  as stated i n  
Mace t i c  Tape of Trajectory Data 
It is anticipated tha t  there  w i l l  exist frequent need t o  u t i l i z e  t h e  t r a j ec -  
t o ry  data i n  th is  handbook 88 inputs t o  computer programs f o r  systems and 
missions s tudies .  To f a c i l i t a t e  such s tudies ,  the  one-way t r a j e c t o r y  data 
tha t  were generated i n  the preparation of t h e  handbook were s tored  on a master 
magnetic tape which will be made avai lable  on request*. 
include both d i rec t  and swingby t r a j e c t o r i e s ,  and are provided i n  t e n  day 
increments i n  both departure and a r r i v a l  dates  over t h e  date ranges given i n  
Table 1-2. The win&* t r a j e c t o r i e s  included are l imi t ed  t o  those f o r  which 
the  Venus passage distance is  grea te r  than 0.95 Venus radii. The t r a j e c t o r y  
data on t h e  tape include all parameters provided i n  t h e  t abu la r  output w i t h  
t he  exception of the  incremental ve loc i t i e s  f o r  departing f r o m  or braking 
i n t o  c i rcu lar  parking o r b i t s  and the  atmospheric entry ve loc i t i e s .  These 
parameters were excluded because they are dependent on t h e  o r b i t  a l t i t u d e s  
assumed, but may eas i ly  be computed f o r  any desired a l t i t u d e  from t h e  data 
provided. 
The data  on t h e  tape 
A copy of the tape may be obtained by submitting a request t o  t h e  Director ,  
Mission Analysis Division, Office of Advanced Research and Technology, National 
Aeronautics and Space Administration, Moffett Field,  Cal i fornia  94035, 
standard magnetic tape,  2400 feet i n  length and 1 /2  inch i n  width,  must 
accompany the request. 
A 
%A detai led descr ipt ion of the organization of the  data on t h e  tape is 
contained i n  t he  Appendix. 
Section 2 
PLANETARY CONSTANTS AND RELATED INFORYiTION 
Contained i n  t h i s  sect ion a re  many of the planetary o r b i t a l  and physical 
constants used in  t h e  calculation of t he  interplanetary t r a j e c t o r i e s .  Also ,  
other  information t h a t  w i l l  be useful t o  t h e  t ra3ectory analyst  is included. 
I n  Table 2-1 are presented the  constants used i n  t h e  calculat ions f o r  t h i s  
handbook. 
ences 6 and 7. 
the  Sun, Venus, Earth and Mars which are taken from Reference 8; t h e  plan- 
e ta ry  r a d i i  (equator ia l )  which are taken from Reference 9;  and t h e  parking 
o r b i t  and atmospheric entry a l t i t udes  which were specif ied by t h e  NASA, OART 
Mission Analysis Division at t h e  in i t i a t ion  of t h i s  study. 
For the  most pa r t ,  these  constants are taken d i r ec t ly  from Refer- 
The exceptions t o  t h i s  are the  grav i ta t iona l  parameters f o r  
The incremental veloci ty  required t o  depart from or brake in to  l o w  a l t i t u d e  
c i r cu la r  o r b i t s  is shown i n  Figure 2-1 as a f’unction of hyperbolic excess 
speed for  both Earth and Mars. 
excess speed is the  atmospheric entry velocity for the  t w o  planets.  The 
a l t i t udes  employed i n  these  calculations were those se lec ted  f o r  t h e  study 
and which are l i s t e d  i n  Table 2-1. Actually, t he  ve loc i t i e s  a re  qu i t e  insen- 
s i t i v e  t o  these a l t i t udes ;  therefore ,  t h e  results are va l id  for a wide range 
of c i r c u l a r  orbi t  a l t i t udes .  
Also shown as a function of t h e  hyperbolic 
The bend angle, K ,  through which the  hyperbolic asymptote of t h e  Venus passage 
t r a j ec to ry  is def lected at encounter i s  shown i n  Figure 2-2 as a f h c t i o n  of 
hyperbolic excess speed at Venus f o r  selected passage distances ranging from 
one t o  f i v e  Venus rad i i .  The passage distance is measured from t h e  center  of 
Venus t o  the per i focal  point on the passage hyperbola. The data i n  Figure 2-2 
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&ere r 
km/sec, and pg is the gravi ta t iona l  parameter of Venus i n  km /sec . 
is  the  passage distance i n  km, V- is the  hyperbolic excess speed i n  
3 2  P 
I n  Tables 2-2, 2-3, and 2-4 are presented l i s t i n g s  of t he  dates of Mars opposi- 
t i o n ,  Venus in fe r io r  conjunction, and Mars-Venus alignment, respect ively,  f o r  
the t i m e  period 1975-1999. 
he l iocent r ic  longitudes of t h e  two planets  involved are equal. The tables in- 
clude t h e  Jul ian dates, t h e  corresponding calendar dates, and t h e  he l iocent r ic  
longitudes at which t h e  phenomena occur. 
category number, discussed i n  Section 1, t h a t  i s  associated w i t h  each Mars- 
Venus alignment is shown i n  Table 2-4 f o r  both inbound and outbound swingbys. 
The data i n  these tables were generated us ing  the  o r b i t a l  elements l i s t e d  i n  
Table 2-1. 
These phenomena are defined as the  t i m e  when t h e  
I n  addi t ion,  t h e  swingby t r a j ec to ry  
Table 2-5 contains a tabulation of t h e  pos i t ions  and related information of 
t h e  planets E a r t h ,  Venus and Mars f o r  every 10 days through t h e  t i m e  period 
1975-1999. 
(1) hel iocentr ic  longitude, (2) hel iocent r ic  l a t i t u d e ,  (3) hel iocent r ic  dis-  
tance,  (4) rieht ascension of Sun, and ( 5 )  declination of Sun. I n  addi t ion,  
t h e  communication distances from E a r t h  are provided for Venus and Mars. The 
angles are expressed i n  degrees, and dis tances  are given i n  AU. The da ta  
presented i n  t h i s  table were generated using the f ixed  e l l i p s e  models of the  
planetary orb i t s  as described by t h e  elements given i n  Table 2-1. While these 
values are not t he  most accurate ones obtainable ,  they are s u f f i c i e n t l y  accur- 
ate f o r  preliminary design purposes and they were chosen t o  make t h i s  handbook 
consis tent  with Reference 6. An estimate of t h e  e r r o r  introduced by t h e  f ixed  
e l l i p s e  model was  obtained by a comparison of ephemeris and t r a j e c t o r y  data 
f o r  t h e  year 1999 ( the  e r rors  are largest f o r  t h e  la ter  years )  wi th  equivalent 
data obtained using accurate, t i m e  varying; mean elements. 
cated discrepancies i n  the he l iocent r ic  longitude of about 0.1 - 0.2 degrees 
f o r  each of t h e  planets  Venus, Ea r th ,  and Mars. The general e f f e c t  of these 
differences on the ene rw requirements were t o  change the  hyperbolic excess 
speeds i n  the fourth s ign i f icant  d i g i t .  Because only th ree  s ign i f i can t  d i g i t s  
i n  excess speed are pr in ted  i n  the t abu la r  output ,  the  discrepancies i n  energy 
requirements will generally not be noticeable i n  t he  handbook. 
For each of t h e  planets  t h e  following information i s  provided: 
The comparison indi- 
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TABLE 2-1 
PLA”ARY COBSTmS 
Semi-major Axis (All)* 
Eccentricity 
Inclination t o  Ecliptic (Deg) 
Mean Longitude of Bode (Des) 
Mean Longitude of 
Perihelion (Des) 
Mean Longitude at Epoch** (Des) 
Mean Motion (Deg/Drgr) 
Siderial Period ( D a y s  ) 
Synodic Period ( D q s )  
Man Orbital Speed (EMOS)*** 
Gravitational Parameter t 
(10 5 3  /see2) 
Planetary R a d i u s  (Km) 
Inclination of Equator t o  Orbit 
?osit ion of Vernal Equinox (Deg) 
Parking Orbit Altitude (Km) 
Atmospheric Entry Altitude (Km) 
Plane (Deg) 
0.723 332 
0.006 793 
3.394 23 
76.319 72 
131.008 31 
174.294 31 
1.602 131 
224 -701 
583.92 
1.175 8 
3.248 534 
6100 
000 
0.0 
---- 
---- 
EARTH 
1.000 000 
0.016 726 
0.0 
0.0 
102.252 53 
100.158 15 
365.256 
1.0 
3.986 032 
6378 
0.985 609 
--- 
23 . 450 
-102 . 27 
485 
120 
1 AU = 149,599,000 Km 
** EPOCH: 1.5 Jan 1960 E.T. (2436935.0 Julian) 
*** 1 EMOS - 3.766 Km/Sec 
t GMSUn = 1.32715445 x 10l1 Km3/See2 
MARS 
1.523 691 
0.093 368 
1.849 91 
49.249 03 
335 -322 69 
E58.767 29 
0.524 033 
936.98 
rr9 -94 
0.810 1 
0.429 778 
3415 
23.984 
-67 01 
500 
300 
18 
16 
14 
12 
10 WTRY SPEED AT 300 
8 
6 
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2 
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FIGURE 2-1 HYPERBOLIC EXCESS SPEED CONVERSIONS EARTH AND MARS 
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FIGURE 2-2 HYPERBOLIC ASYMPTOTE DEFLECTION ANGLE A T  VENUS 
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TABLE 2-2 
OPPOSITIORS OF MARS, 1975-1999 
Julian Date 
2442762.1 
2443530.5 
2444294 . 7 
2445831.9 
2446621.8 
2447432.7 
2448223.3 
2448995.4 
2449760.5 
2451293.2 
2445059 * 9 
2450524.8 
Calendar Date 
15.6 Dec 1975 
22.0 Jan 1978 
25.2 Feb 1980 
31.4 Mar 1982 
11.4 M a y  1984 
10.3 Jul 1986 
28.2 Sep 1988 
27.8 NOV 1990 
7.9 Jan 1993 
12.0 Feb 1995 
17.3 Mar 1997 
24.7 Apr 1999 
Julian Date 
2442652 .O 
2443239.8 
2443820.4 
2444405.8 
2444990.9 
2445571.7 
2446159.4 
2446739 . 9 
2447325.5 
244T910 4 
2448491.3 
2449079.0 
2449659.5 
2450245.2 
2450830.0 
2451411.0 
TABLE 2-3 
INF'ERIOR CONJU?iCTIONS OF VENUS, 1975-1999 
Calendar Date 
27.5 Aug 1975 
6.3 Apr 1977 
7.9 Nov 1978 
15.3 Jun 1980 
21.4 Jan 1982 
25.2 Aug 1983 
3.9 Apr 1985 
5.4 Nov 1986 
13.0 Jun 1988 
18,9 Jan 1990 
22.8 Aug 1991 
1.5 Apr 1993 
3.0 Nov 1994 
10.7 Jun 1996 
16.5 Jan 1998 
20.5 Aug 1999 
He1 iocent r i c  
Longitude 
82.75' 
121.35' 
155.48' 
190.03' ~ 
230. 50' 
287 37' 
4.92' 
64. 90' 
107.15' 
142.35' 
213. 51' 
I 
176 . 20' 
Heliocentric 
Longitude 
333 . 42' 
44.85' 
264.05O 
120.75' 
331 09' 
193.73' 
42 . 33' 
261 . 79' 
118 18O 
328.77' 
191.35' 
39. 80' 
259 52' , 
115.600 
326.46' 
196 . no 
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Ju l ian  Date 
2442700.1 
244 3016.2 
244 3367.1 
2443685.2 
2444033.8 
2444354.4 
2444700.1 
2445023.6 
24b5366.0 
2445692.9 
2446031.7 
2446362.3 
2446697.2 
2447031.6 
2447362.7 
2447701 .O 
2448028.4 
2448370.3 
2448694.3 
2449039.6 
2449360.5 
2449708.7 
2450027.1 
2450377.8 
2450694 . 1 
2451046.7 
2451361.4 
TABLE 2-4 
MARS-VENUS ALIGNMENTS, 1975-1999 
Calendar Date 
14.6 Oct 1975 
25.7 Aug 1976 
11.6 Aug 1977 
25.7 Sun 1978 
9.3 Sun 1979 
24.9 A p r  1980 
5.6 A p r  1981 
23.1 Feb 1982 
31.5 Jan 1983 
24.4 Dec 1983 
27.2 Nov 1984 
23.8 Oct 1985 
23.7 Sep 1986 
24.1 Aug 1987 
20.2 Jul 1988 
23.5 Sun 1989 
16.9 May 1990 
23.8 Apr 1991 
12.8 Mar 1992 
21.1 Feb 1993 
8.0 Jan 1994 
22.2 Dee 1994 
5.6 Nov 1995 
21.3 Oct 1996 
2.6 Sep 1997 
21.2 Aug 1998 
1.9 JUL 1999 
He1 iocent r i c 
Longitude 
49.97O 
197. 90° 
38.68O 
26.79O 
181.71O 
189.71O 
14.32O 
173.84O 
1.32O 
166.08~ 
347.93' 
158 37' 
33G. 33' 
150 . 68' 
320.72' 
142.97' 
307.33' 
135 . 19' 
294.34' 
127.31' 
281.8~~ 
119.28O 
270 . 00' 
111.06~ 
102. 60° 
258.7 3' 
248.05' 
Category 
Inbound Outbound 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
1 
2 
3 
4 
5 
6 
7 
7 
6 
5 
4 
3 
2 
1 
7 
6 
5 
4 
3 
2 
1 
7 
6 
5 
4 
3 
2 
1 
7 
6 
5 
4 
3 
2 
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TABLE 2 - 5  (CONI) 
JULlAN 
C A r E  
F A R  T H  I M A W S  VFNL JS 
SUN SUN co*  PLAN PLAN SUN SUN COW PLLN PLAN 
LOHC LA1 R R A  DtCL LONG LAT R R A  CtCL LONG L A 1  R R A  CECL C t s T  
SUN SUN PLAN ?L IN  
- .?  1.49 1 6 5 . 6  6 . 3  1 . 9 6  
- . 9  1.48 170 .6  4 . 2  2 . 0 1  
- 1 . 0  1 . 4 1  1 7 5 . 7  1 . 9  2 . 0 4  
- 1 . 2  1.46 1 8 0 . 9  -.I 2 . 0 8  
- 1 . 3  1.44 1 8 6 . 2  - 2 . 7  2 . 1 1  
5 3 . 7  - 1 . 3  
69 .8  - . 4  
8 5 . 9  .6 
102 .1  1 . 5  
118 .3  2.3 
52.6 
50 .o 
63 .6  
6 9 . 3  
7 5 . 1  
.o . 8 9  
. O  . 96  
. o  1 . 0 3  
. o  1 . 1 0  
. o  1 . 1 7  
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2 .21  
2 . 2 5  
2 .29  
2 . 3 3  
2 .36  
2 . 4 0  
2 . 4 3  
2 . 4 6  
2 .48  
2 . 5 1  
2 . 5 3  
2 . 5 4  
- 2 . 2  
- 2 . 6  
- 3 . 2  
- 3 . 4  
- 3 . 3  
-3 .0  
- 2 . 4  
- 1  . I  
- . 8  
.2 
1 .I 
2 . 0  
2.7 
3 . 1  
3 . 4  
3 . 3  
3 . o  
2 . 5  
1 . 8  
. 9  
. o  
-1  .o  
-1  . 8  
- 2 . 5  
- 3 . 0  
- 3 . 3  
- 3 . 4  
- 3 . 2  
-2.7 
-2.0 
-1  .2 - . 3  
. I  
1 . 6  
2 . 4  
2 . 9  
3 .3  
3 . 4  
3 . 2  
2.8 
. 7 3  6 4 . 1  . O  1 .33  4 -5150 .0  
. 7 2  8 0 . 0  . O  1 . 3 9  4 - 5 1 6 0 . 0  
.72 9 6 . 1  . O  1 . 4 4  4 - 5 1 7 0 . 0  
.I2 1 1 2 . 1  . o  1 . 4 9  4 - 5 1 8 0 . 0  
. 7 2  1 2 8 . 3  . o  1.54 1 4 - 5 1 9 0 . 0  
1 . 0 1  147.2 13 .2  
1 . 0 1  156.4 9 . 8  
1 .01  165 .5  6 . e  
.72  144.4 
.72 160 .7  
.72  176 .9  
. 7 2  1 9 3 . 1  
. 7 2  225 .6  
. 7 2  2 4 1 . 7  
. 7 2  2 5 7 . 8  
.72 2 7 3 . 6  
.72 2 8 9 . 8  
.re 209.4 
1.06 174 .5  t . i  
1 . 0 0  163.4 - 1 . 5  
1 . 0 0  192 .5  - 5 . 4  
1 .00  201.7 - 9 . 1  
.99 2 1 1 . 2  - 1 2 . 1  
.99 221 . O  -15 . I  
.99 231 .1  -18 .1  
.99 241 .6  - 2 0 . 9  
.99 252 .4  -22 . !  
.98 2 6 3 . 3  -23.! 
.98 2 7 4 . 4  -23.4 
.98 2 6 5 . 5  - 2 2 . 1  
.98 296 .4  - 2 1 . i  
.98 307 .0  - 1 9 . !  
.99 317 .3  -16.4 
.99 327.2 - 1 3 . i  
.99 336 .0  - 9 . i  
.99 3 4 6 . 2  - 5 . !  
.99 355 .4  -2.1 
1 .00  4 . 5  2.1 
1.00 1 3 . 6  5 . 1  
1 . 0 0  22 .8  9 . t  
1 .43 i i a i i  
1 . 4 2  198.7 
1.41 2 0 4 . 4  
1 . 4 0  2 1 0 . 3  
1 . 4 0  2 1 6 . 2  
1.39 222.4 
.. - 
1.38 240 .6  
1.36 255.4 
1 . 3 9  2 6 2 . 3  
1 . 3 9  2 6 9 . 2  
1 .40  2 7 6 . 0  
1 . 4 0  282.1 
1 . 4 1  2 8 9 . 3  
1.42 2 9 5 . 6  
1 . 4 3  3 0 2 . 1  
1 .44  308 .2  
1 .45  3 1 4 . 1  
1 . 4 6  319.7 
4 - 5 4 0 0 . 0  165.0 
4 - 5 4 1 0 . 0  1?5 .0  
4 - ¶ 4 2 0 . 0  184.9 
4 - 5 4 3 0 . 0  I 1 w . a  
.O 1 . 1 8  14 -5440 .0  
1 . 0 1  3 2 . 1  13.1 
1 . 0 1  4 1 . 7  1 6 .  
1 .01 51 .4  1 6 .  
1 . 0 1  61 .4  20.1 
1 . 0 1  71.6 22.3 
1 . 0 2  0 1 . 9  23.; 
1.02 9 2 . 3  ea., 
1.02 102.6 2 2 . '  
1.OL 1 1 2 . 9  21.1 
1.46 325 .2  
1.49 3 3 0 . 6  
1 .50  3 3 5 . 7  
1.52 340.7 
1.53 345.6 
.72 1 8 5 . 5  
.72 2 1 8 . 0  
.72 2 3 4 . 1  
.I2 266 .3  
. I 2  282 .3  
. 7 3  298.3 
. 7 3  330 .0  
. r z  201.7 
.7z 250.2 
. r 3  314 .2  
1.54 350.3 - 4 . 3  2 . 5 5  211 .4  2 . 1  
1 .55  3 5 4 . 9  - 2 . 3  2 .56  2 3 3 . 4  1 . 3  
1.57 359.5 - . 2  2 . 5 6  2 4 9 . 3  .4  
1 .56  4 . 0  1 . 8  2 .56  2 6 5 . 2  - . 5  
1 . 5 9  6 . 4  3 . 7  2 . 5 5  I 2 8 1 . 0  -1 .4  1 . 0 2  1 2 2 . 9  20.1 
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JULlAU 
4-5550.0 
4-5560.0 
cL,c 
4 - 5 5 1 0 . 0  
4 - 5 5 0 0 . 0  
4-5590.0 
I F A R T H  MARS 
310.3 .o 1.01 132.7 i ? . ~  102.2 1.5 1.60 12.0 5 . 6  
319.9 .o 1.01 142.3 14 .9  106.9 1.6 1.61 11.1 7.5 
PLAN ?LAN SUN SUW CLAN CLAN SUN SUH C C U  
LONG L A 1  R R A  CECL LONG L41  R R A  CECL C l S T  
329.5 .O 1.01 lS1.6 11.7 111.6 1.6 1.02 21.4 9.2 
339.1 . O  1.01 160.1 0.1 116.2 1.T 1.63 25.8 10.9 
340 .0  . O  1.01 169.T 4 . 4  1LO.T 1.8 1.64 30.1 12.6 
1.00 170.7 .6 
1.00 107.7 -3.3 
1.00 196.0 -1.2 
1.00 206.2 -10.0 
.99 21S.O -14.t 
.99 225.1 -1T.l 
.99 236.0 -19.0 
.e0 2 S T . S  -23.0 
.99 246.7 -21 .1  
12S.2 1.0 1.84 3 4 . 5  14.1 
129.7 1.0 1.65 38.6 lS.6 
134.1 1.0 1.65 43.2 16.9 
130.5 1.0 1.66 4 T . 7  10.2 
142.9 1.0 1.66 5 2 . 1  19.4 
14T.3 1 . 0  1.66 5 6 . 1  t 0 . 4  
151.7 1.0 1.6T 61.2 21.3 
160.4 1.1  1.6T T O . 5  22.8 
156.1 1.8 1.61 65.9 2 2 . 1  
296.8 -2.2 
512.6 -2.0 
328.4 -3.2 
5 4 4 . 3  - 3 . 4  
.2 -3.3 
16.1 -2.9 
32.1 -2.4 
40.1 -1.6 
64.1 - . ?  
80.2 .2 
96.4 1.2 
112.6 2.0 
128.8 2.T 
1 4 5 . 1  3.2 
161.3 3.4 
1 7 7 . 6  3 . 3  
193.1 3 .0  
~25.9 1.7 
209.8 2 . 5  
241.0 .9 
3os.2 4 . 6  
321.0 -3.1 
336.0 -3.3 
3 5 2 . T  -3 ,4  
24.0 6 . 6  -3.1 t r
40.5 -2.0 
56.6 -1.1 
12.1 -.e 
66.0 .I 
lOS.0 1.6 
121.2 2.4 
137.4 3.0 . I Z  186.9 .o 1.10 4-5900.0 
202.3 2.1 .TL 2~1.2 
153.T 3.3 .I2 2OZ.T .O 1.60 4-5910.0 
169.9 3.4 . I 2  216.9 .O 1.6s 4-5SP0.0 
106.1 3.2 .7Z 239.1 . O  1.6t I 4-5930.0 
210.3 2.1 
234.3 1.3 
250.2 .4 
266.1 -.6 
281.9 -1.s 
291.T -2.2 
313.6 -2.9 
329.4 -3.2 
34s.2 -3 .4 
1.1 -3.3 
91.4 1.2 
1113.6 2.1 
Ile9.0 2.7 
ii6.i 3 . 2  
162.3 3 . 4  
110.1 3.3 
194.T 3.0 
210.0 2.4 
226.6 1.1 
212.0 . O  
2 T 4 . 5  -1.1 
290.3 -1.9 
306.1 -2.6 
321.9 -3.1 
3 3 1 . 8  - 3 . 4  
353.6 - 3 . 4  
9.6 -3.1 
25.5 -2.6 
4 1 . 5  -1.9 
S T . 5  -1.1 
1 3 . 6  -.e 
89.6 . B  
105.9 1.1 
122.2 2.4 
138.4 3 . 0  
154.T 3.3 
2 5 0 . 7  -.I 
170.9 3 . 4  
167.1 3.2 
203.2 2.T 
. 3 3  
. 3 8  
. 4 5  
.52 
.59 
.6T 
,14 
.82 
.09 
.90 
. 0 3  
4 - 5 5 9 0 . 0  
4-5600.0 
4-5610.0 
4-5620.0 
4-5630.0 
4-5640.0 
4-5650.0 
4-5660.0 
4-56T0.0 
4-5600.0 
4-5690.0 
4-5600.0 
4-5610.0 
4 - 5 6 2 0 . 0  
4 -5630 .0  
4 - 5 6 4 0 . 0  
350.9 
0 . 4  
10.3 
‘20.2 
30.2 
4 - 5 T O 0 . 0  
4 - 5 T 1 0 . 0  
4 - 5 T 3 0 . 0  
4-5740.0 
4 - 5 1 5 0 . 0  
4 - 5 1 6 0 . 0  
4 - 5 1 T 0 . 0  
4 - 5 T 8 0 . 0  
4-5130.0 
4-5it0.0 
90.9 
106.1 
129.5 
139.6 
149.1 
159.0 
169.0 
119.1 
16s.. 
ii9.3 
.10 
.16 
.23 
.29 
.O 1.40 
.O 1.45 
. O  1.49 
. O  1 . 5 4  
. O  1.50 
.34 
4 - 5 1 0 0 . 0  
4 . - 5 1 1 0 . 0  
4-5T2O.O 
4-5130.0 
4 - 5 T 5 0 . 0  
4-5T60.0 
4 - 5 1 1 0 . 0  
4 - 5 1 0 0 . 0  
4-5790.0 
4-5740.0  
.99 311.9 -17.9 
.99 3rz.o -11.9 
.99 331.6 -11.6 
.99 341.3 -T.9 
.99 3S0.6 -4.1 
1.00 3S9.0 - . l  
1.00 6.9 3.0 
1ei.J 
166.9 
191.5 
196.0 
200.6 
205.3 
210.0 
1.00 16.0 7.6 
1.00 21.2 11.2 
1.01 36.6 1 4 . 5  
1.01 S6.1 19.8 
1.01 40.2 11.4 
214.0 
219.6 . 3  1.51 133.9 17 .0  
224.6 .2 1.S6 138.0 10.3 
234.6 -.2 1.54 148.T 13.0 
229.6 .o  1.55 W . T  1 4 . 7  
.O  1.61 
.O  1.6s 
.O 1.6T 
.O 1.70 
. O  1.71 
. O  1 . T 3  
. O  1.T3 
.O  1 .14  
.O  1.13 
.O l.T2 
4-5800.0 
4-5810.0 
4-5020.0 
4-5030 .0  
4 - 5 0 4 0 . 0  
4 - 5 0 5 0 . 0  
4-SO60.0 
4-5610.0 
4-5080.0 
4-5090.0 
. 
4-5030 . -  
4-5040.0 
4-5650.0 
4-5660.0 
4-5010.0’261.1 
4-5800.0 
4-5090.0 
4-5900.0 
4-5910.0 
4-5920.0 
4-5930.0 
4-5940.0 
4-5950.0 
4-5960.0 
4-5910.0 
4-5980.0 
4-5990.0 
4-6000.0 
4-6010.0 
4-6020.0 
4-6030.0 
4-6040.0 
4-6050.0 
4-6060.0 
4-6010.0 
4-6000.0 
4-6090.0 
4-6100.0 
4-6110.0 
1-6120.0 
4-6130.0 
4-6140.0 
4 - 6 1 5 0 . 0  
4-6190.0 
4-6lTO.O 
4-6180.0 
4-6190.0 
230.3 
t 4 0 . O  
2 5 T . 5  
218.6 
286.2 
295.7 
305 . r  
314.6 
3 2 4 . 4  
334 .O  
3 4 3 . T  
3 5 3 . 5  
3.2 
13.1 
23.0 
52.9 
42.9 
5 3 . 0  
63.1 
T 3 . 2  
83 .4  
93.6 
103.1 
113.9 
124.1 
1 3 4 . 3  
144.4 
1 5 4 . 5  
164.5 
1 1 4 . 5  
184.4 
194.3 
204.1 
213.9 
223.6 
1.01 165.0 6.4 
1.00 183.0 -1.3 
1.00 192.0 - S . Z  
1.00 201.2 -0.9 
.99 210.7 -12.5 
.99 220.5 - t 5 . 1  
.99 241.0 -20.0 
.99 251.6 -22.4 
1.01 174.0 2.6 
.99 230.6 -16.5 
296.6 
300.9 
315.2 
321.5 
32T.6 -1.0 1.30 231.2 -20.5 
334.2 -1.8 1.38 243.9 -21.6 
346.9 -1.6 1.36 257.5 -23 .5  
353.2 - 1 . 5  1.39 264.4 -23.9 
302.1 
540.5 -1.7 1.38 250.6 -22.8 
.O 1.26 
.O 1.22 
. O  1.16 
. O  1.10 
. O  1.03 
. O  .96 
.O .09 
. O  .62 
.O .74 
. O  . O T  
4-6000.0 
4-6010.0 
4-6020.0 
4-6030.0 
4-6040.0 
4-6050.0 
4-6060.0 
4-6010.0 
4-6000.0 
4-6090.0 
.90 262.6 -23.3 
.96 204.9 -22.T 
.96 295.8 -21.3 
.90 306.4 -19.2 
.96 273.9 -23 .4  
359.4 
11.0 
11.9 
24.0 
5 . 1  
. O  . I 3  
. O  .30 
. O  .30 
.O .34 
. O  .40 
. O  . 4 1  
. O  . 5 5  
. O  .63 
.O .I1 
. O  .T9 
.o .LO 
. o  .or 
. O  .94 
. O  1.02 
. O  1.09 
. O  1.16 
.O 1.23 
. O  1.29 
. O  1.3s 
. O  1.40 
. O  1.45 
. O  1 . 5 0  
. O  1.54 
. O  1.5T 
. O  1.61 
. O  1.63 
.O 1.66 
. O  1.60 
. O  1.69 
. O  1.10 
-0  1.11 
4-6140.0 
4-6150.0 
4-a110.0 
4-6160.0 
4-0190.0 
4-6200.0 
4-6210.0 
4-6220.0 
4-6t30.0 
4-6240.0 
4-6160.0 
4 - 6 ~ 5 0 . 0  
4 - 6 2 6 0 . 0  
4-6210.0 
4 - 6 2 0 0 . 0  
4-6290.0 
4-6300.0 
4-6310.0 
4-6320.0 
4-6330.0 
4-6340.0 
4-6350.0 
4-6360.0 
4-6310.0 
4-6360.0 
4-6390.0 
4-6400.0 
4-6410.0 
4-6420.0 
4-6430.0 
4-6440.0 
4-6200.0 
4-6210.0 
4-6220.0 
4-6t30.0 
4-6240.0 
4 - 6 2 5 0 . 0  
4 - 6 2 6 0 . 0  
4-6270.0 
4-6200.0 
4-6290.0 
4-6300.0 
4-6310.0 
4-6320.0 
4-6330.0 
233.3 
t42.9 
252.5 
262.1 
L?l .6 
2I1.1 
290.T 
300.2 
309.0 
319.4 
329.0 
336.6 
340.3 
35m.l 
1.02 102.1 23.0 
1.02 112.4 21.9 
1.01 132.2 1T.O 
1.01 141.0 15 .0  
1.01 151.1 11.0 
1.01 160.3 6.3 
1.01 169.3 4.6 
1.00 1 1 6 . 2  .6 
1.00 18T.3 -3.1 
1.02 122.4 20.1 
100.3 
113.0 
122.1 
126.6 
131.0 
13S.5  
139.9 
144.3 
140.6 
117.5 
4-6340.0 
4-6350.0 
4-6360.0 
4-6310 .0  
4-6300.0 
4-6390.0 
4-6400.0 
4-6410.0 
4-6420.0 
4-6430.0 
4-6440.0 
4 - 6 4 5 0 . 0  
4-6460.0 
4 - 6 4 1 0 . 0  
4-6460.0 
4-6490.0 
4-6500.0 
4-6510.0 
4-6520.0 
4-6590 .0  
4 - 6 w o . o  
i . i  
l T . 0  
2 1 . 1  
3 T . T  
4 T . 1  
5 1 . 0  
6T.9 
16.0 
0 8 . 2  
96.4 
100.6 
110,6 
126.9 
139.1 
149.2 
159.2 
169.3 
lT9.2 
109.1 
199.0 
L O I . ~  
1.00 196.4 -1.0 
1.00 205.1 -10.7 
.99 215.3 -14.1 
.99 225.2 -1T.l 
.99 235.5 -19.7 
.99 246.1 -21.6 
.90 260.0 -23.4 
.98 219.1 -P3.2 
.eo 257.0 -22.9 
153.0 1.0 1.6T 62.6 21.6 
151.4 1.0 1.61 67.3  22.3 
161.T 1.7 1-66 T 2 . 0  22.9 
166.1 1 . T  1.66 T6.T 23.4 
170.5 1.6 1.66 81.5 23.T 
174.9 1 . 5  1.66 86.3 23.9 
183.6 1.3 1.65 96.0 23.9 
180.5 1.2 1.64 100.9 23.6 
119.3 1.4 1.65 91.1 24.0  
. T 3  341 .1  . O  1.11 
. I 3  3.S .O 1.11 
. T 3  19.3 . O  1.11 
. T 3  35 .2  . O  1.70 
. T 3  51.0 . O  1.60 
.O 1.OT 
.O 1.64 
. O  1.62 
.O 1.S. 
4-6450.0 
4-6460.0 
4-6410.0 
4-6480.0 
4-6490.0 
4-6500.0 
4-6510.0 
4-6520.0 
4-6530.0 
VL:.I~IUS 
PLAN PLAN SUN SUN COY 
LONG L A 1  R R A  CECL C I S 1  
2 . 5 4  
2 . 5 2  
2 . 5 0  
t.46 
2.43 
2.38 
2.33 
2.21 
2.21 
2 . 1 4  
2.07 
1.99 
1.90 
1.81 
1.12 
1 .62 
1.52 
1.42 
1.32 
1.21 
1.11 
1.01 
.92 
. 83  
.T5  
.r3 3 4 5 . 8  
. T 3  1.6 
. T 3  11.5 
. T 3  3 3 . 3  
. T 3  49.1 
.T2 81.0 
.12 97.0 
. T t  113.1 
.72 129.2 
.72 145.4 
.12 161.6 
.72 210.3 
. r3  65.0 
. r ~  1~7.9 
. rz  194.1 
. o  
. o  
. o  
.o 
.o 
.o  
.o 
.o 
.o 
.o 
.o 
.o 
.o  
.o 
.o 
.o 
.o 
. o  
.o  
.o 
.35 4-5550.0 
.31 4-5560.0 
.29 4-5510.0 
. 3 0  I 4-5590.0 
. O  
.o 
.o  
.o  
.o 
.o 
.o 
.o 
.o 
.o  
.o 
.o 
. O  
.o 
.o 
.a 
.o 
.o 
.o  
.o 
.o 
.o 
.o 
.o  
.o 
.o 
.o 
.o 
.o 
.O 
.o 
.o 
.o 
.o  
.o 
.o 
.o 
.O 
.o 
.o 
.o 
.o  
.o 
.o 
.o  
.o  
.o 
.o  
. o  
.o  
. O  o  
.o  
.o 
.o   
. o  
. O  
. O  
.o 
.o  
.o 
.o  
.o 
.o 
.o  
.o  
.e 
.o 
.o  
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.O 
.o 
.o  
.I) u
.o 
.o 
. O  
.o 
4-5650.0 4 0 . 2  
4-5660.01 5 0 . 3  
4 - 5 . 1 0 . 0  68.4 . ._ . .  
4-5680 0 70.5 
4-5690:01 B 8 . T  .90 i68.6 -23 .4  1104.6 l.T 1.66 T J ; 2  r i : i  
1.6 1.66 8 0 . 0  23.T 
1 . S  1.66 84.0 23.9 
1.4 1.65 09.8 2 4 . 0  
1.3 1.65 94,s 23.9 
1.2 1.64 99.4 23.T 
1.1 1.63 104.3 23.3 
1.0 1.63 109.2 22.0 
.9 1.62 114.2 22.1 
.8 1.61 ll9.i 21.2 
.6 1.60 124.0 9 O . t  
.98 219.1 -23.2 169.2 
.96 290.1 -22.1 lT3.6 
.90 301.4 -20.3 I iro.0 .I2 226.5 .T2 2 4 2 . 7  . I 2  250.0 
. I 3  290.0 
. ~ 2  74.8 
w . ~  - . I  
! 1 3 . 5  -1.0 
!69.4 -1.9 
.IS 306.1 
. T 3  322.6 
. T 3  350.4 
. I 3  3G.2 
. T 3  10.0 
. T 3  2S.O 
. I 3  41.7 
. T 3  57.6 
. T 2  1 1 . 5  
.T2 09.5 
. I 2  1OY.5 
.72 121.6 
.T2 137.6 
.T2 154.0 
.T2 lT0.2 
.5 1.59 129.0 19.1 .6T 
.61 
.54  
.s3 
. 5 4  
.56 
.60 
.64 
. T O  
. T 5  
.eo 
.36 
.92 
.98 
.03 
.09 
.IS 
.21 
.26 
.32 
.30 
.44  
.50 
.56 
.5r 
1.01 66.2 21.0 239.6 
1.02 76.4 22.9 245.1 
1.02 86.0 P3.4 I 250.4 -.3 1.52 153.6 11.2 - . 5  1.51 lS8.6 9.2 -.I 1.50 163.6 7.2 
- . a  1.40 160.6 1.0 1.05 9 T . i  25.3 iii.9 
1.02 101.5 22.5 261.4 
1.02 117.7 21.0 261.0 
1.02 121.6 19.0 I 212.0 -1.1 1.46 lTO.0 . 5  -1.3 1.4s 184.1 -1.0 
-1 .4  1.44 189.4 -4.2 
-1.5 1.43 194.9 -6.S 
-1.6 1.42 200.4 - 0 . 8  
-1.1 1.41 206.2 -11.1 
-1.0 1 . 4 0  212.0 -13.3 
-1.6 1.39 210.1 -15.3 
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-1 .e  
-1 .o  
-1 . I  
-1.6 
-1.5 
-1.3 
-1 . 2  
-1 .o  
-.9 
-.I 
-.5 
- . 3  
-.I 
.o  
.t 
. 4  
.o 
.? 
.9 
1 .o  
1.1 
1.3 
1.4 
1.5 
I .6 
1 .a 
1.7 
1.44 105.7 - 2 . 5  .46 179.5 3.3 
.43 195.7 3.0 
.41 211.8 2.4 
.40 227.6 1.6 
.41 2 4 3 . 7  . I  I .72 220.5 . 7 2  244.6 .O 1.t2 4-6600.0 . O  1.15 4-6610.0 . O  1.07 4-6620.0 . O  1.00 4-6630.0 . O  .92 1 4-6640.0 1.43 191.0 -4.9 1.42 196.5 -T.2 1.41 t 0 2 . 2  -9.5 1.41 2 0 7 . 9  -11.0 
1.40 t13.9 -13.9 
1.39 219.9 -15.9 
1.39 226.2 -1T.O 
1.30 232.6 -19.5 
1 .30  239.L -20 .9  
.7i L6C.7 
.72 276.7 
. T 1  292.7 
1.01 136.0 16.5 
1.01 146.2 13.6 
1.01 155.5 10.2 
. T 3  300.6 
i . o i  164.1 i.i 
1.01 173.5 2 .0  
1.00 102.5 -1.1 
1.00 191.6 - 5 . 0  
1.00 200 .0  - 0 . T  
.99 210.2 -12.3 
.99 220.0 -15.6 
.99 230.0 -10.4 
.99 240.5 -20.T 
.99 251.2 -22.3 
.SO 262.2 -23.3 
.SO t 7 3 . 3  -23.4 
1.30 245.9 -22.1 
1.30 2 5 2 . 7  -23.0 
1.30 259.6 -23.6 
. O  : 4 5  14-670O:O 
. O  50 4-6710 0 
. O  .33 4-6720.0 
i.Ji F66.4 -2i.9 
1.39 273.3 -23.9 
-
. O  .29 4 6730.0 
. O  . 2 T  l4I6740.0 
1.40 2 
1.41 2 
1.42 P 
1.43 
1.44 . 
10.1 -23.7 
16.7 -23.1 
. T 2  107.5 
.I2 123.6 
.T2 139.1 13.3 - 2 2 . t  
19.6 -21.1 
15.0 -19.0 
. In  155.9 
.72 172 .2  
. 4 5  311.7 -10.4 
.40 311.5 -10.7 
. I T  323.1 -15.0 
.40 320.5 -13.1 
.50 3 3 S . T  -1l.t 
. I t  1 1 0 . 4  
.51 330.7 -9 .2  
.52 343.6 -T.l 
.54  340.4 -5.1 
. O  .SO 4-6850.0 
. O  1.03 4-6060.0 
.O 1.10 1 4-6870.0 
.55 353 .1  -3.1 
.56 3 5 7 . 7  -1.0 
.57 2.2 1.0 
.50 0.6 '2.9 
. T 3  340.7 
.73 4.5 
. T 3  2 0 . 5  
. T 3  30.1 
. T 3  52 .0  
.eo 11.0 4.9 
.61 15.4 6.7 
.02 19.7 0 . 5  
.62 t4.1 10.3 
.63 24.4 11.9 
.64 3 2 . 7  13.5 
.65 31 .1  lS.0 
.O 1.42 4-69ZO.O 
.O  1.47 4-6930.0 
.O 1.52 4-6940.0 1 
4-6950.0 25P.0 
4-6960.0 261.6 
4-6970.0 I 271.1 .56 4-6950.0 .60 4-6960.0 .64 4-6970.0 
. 6 7  4-6900.0 
.69 1 4-6990.0 .o  .o .o .o .o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o  
.o 
.o 
.o 
.o 
.o 
.o  
. o  
.o 
.o 
.o 
. o  
. o  
.o  
.o 
.o 
. o  
.o 
.o 
. o  
.o 
.o 
.o 
.o 
1i.j i1.i i i i i  
1.66 45.9 11.7 
1.66 50.4 14.9 
1.66 54.9 20.0 
1.67 59.4 21.0 
1.6T 60.T t 2 . 5  
1.60 T3.4 23 .1  
1.66 TO.1 23 .5  
1.66 02.9 23.0 
1.65 01 .7  t 4 . 0  
1.61 64.0 ei.0 
1.02 121.9 20.2 136.0 
1.01 131.1 11.9 141.t 
1.01 141.3 15.2 145.6 
1.01 150.6 12.0 150.0 
1.01 159.0 0 . 5  I 154.5 t.06 :::: I,:: 115.5 1.3 t.1 L . 0  3.2 3.4 
3.3 
2.0 
2.3 
1.6 
. 7  
- . 3  
-1 .t 
-t .o 
-2.T 
-3.1 
-3 .4  
-3.4 
-3.1 
-2.6 
-1 .e  
-1 .o 
.o 
.9 
1 . o  
2 . 5  
3 .l 
3.3 
3.4 
3.1 
t .6 
2.0 
1.1 
.2 
- . I  
-1.6 
-2.4 
-2.9 
- 3 . 3  
-3.4 
-3.2 
- 2 . 0  
-2.2 
-1.4 
- . 5  
.5 
1.4 
2.2 
t .e 
3.2 
3.4 
3 . 3  
t . 9  
t . 3  
1 .I 
.e 
- . 3  
-1.2 
- 2 . 0  
- 2 . T  
-3.2 
-3 .4  
-3.3 
-3.0 
- t . 5  
-1 .e 
. I t  140.3 
. I 2  164.5 
. I 2  laO.0 4-7020.0 310.9 
4 - 7 0 3 0 . 0  320.5 
4-7040.0 I 338.1 t .60  i i 8 . o  t . 6 7  164.2 
2.66 100.5 
2 .65  I 196.6 
 - . . - . . 
. T 2  191.0 
.It t13.2 
. I 2  t 2 0 . 4  
.l2 245.6 
i.63 212.T 
2.60 220.7 
t.56 I 244.7 . 72  t61.7 .73 293.6 . r t  277.1 
1.65 92.0 24.0 
1.64 9 T . 5  t 3 . 0  
1.04 102.4 t 3 . 5  
1.03 101.5 23.0 
1 . 6 t  112.t C t . 4  
. I 3  309.5 
. T 3  3 t 3 . 4  
.73 34l.t 
.73 3 5 7 . 1  
.73 12.S 
.73 L0.T 
. T 3  44.5 
. T 3  60.4 
. I t  70.4 
.I2 92.4 
1.61 Ill.?. t1.6 
1.00 122.1 2 0 . )  
1.59 12T.O 19.0 
1.50 131.9 10.3 
1.5T 136.9 16.9 
1 . 5 5  141.0 15.4 
1 . 5 4  146.7 13.1 
1.53 1 5 1 . 7  11.9 
1.5t 156.0 10.0 
1.50 161.6 0 . 0  
. T 2  100.4 
.TL  124.5 
.7L 140.7  - .  -. 
.12 156.9 
. 7 2  173.2 
.72 109.4 
. 7 2  205.6 
.TI tz1.0 
. T t  t 3 0 . 0  
. I t  254.1 
.I2 210.2 
.I2 206.1 
.73 302.1 
.73 310.0 
. I 3  3 3 3 . 0  
.73 349.6 
.73 5 . 4  
.73 21.2 
. T 3  37.1 
. 7 3  52.9 
. T 3  60.9 
.T2 04.0 
. 7 2  100.9 
.72 117.0 
. T t  133.1 
.I2 149.3 
. I 2  165.5 
.It 101.0 
. 7 2  190.0 
. I 2  t14.t 
4-7t 50 .0  
.¶a 4-7L70.0 
:: 14-7t60.0 .49 166.6 5 .9  . 4 0  111.1 3 . 1  
, 4 6  lT6.0 1.4 
.45 102.0 - . 9  
.44 107.3 -3.2 
. 4 3  192.7 -5.6 
.42 190.2 -7.9 
. 4 1  203.9 -10.2 
.40 2 0 9 . 1  -12.4 
.40 215.T -14.5 
.39 221.0 -16.5 
.a9 220.1 -14.3 
.30 t34.6 -19.9 
.30 241.2 -21.3 
.30 241.9 -22.4 
.30 254.0 -23.2 
.39 261.6 -23.0 
.39 260.5 -24.0 
.40 2 T 5 . 3  -23.9 
.40 202.1 -23 .5  
.38 4-7300.0 
.32 4-7110.0 
.LO 4-7320.0 
.L* 1 4 - 7 3 3 0 . 0  
1 .Ol 
1.01 
1 .Ol 
1 .oo 
1 .oo 
1 .oo 
.99 . 99 . s9 . 99 
.99 
.so 
.SI 
.so 
.90 
.so . 99 
.99 . 99 
.99 
.os 
1 .OD 
1 .oo 
1 .oo 
1 .Ol 
1,41 200.7 -22.6 
1.42 295.2 -21.9 
1.43 301.5 -20 .0  
1.44 30T.6 -19.4 
1.45 313.5 -17.9 
1.46 319.t -16.2 
1.40 324.1 -14.4 
1.49 330.1 -12.5 
1.50 335.2 -10.6 
1.51 340.2 -0.0 
1 . 5 3  345.1 -6.5 
1.54 349.0 -4.5 
1.5T 359.1 -.4 
1.55 354.5 -2.4 
1 .50  3 . 5  1.0 
.I2 230.4 
.I2 t 4 6 . 5  
. I 2  2 0 t . O  
. T 2  2TO.6 
. 7 3  294.0 
. O  1.40 4-T500.0 
.o 1.45 4-7510.0 
. O  1.49 4 - 7 5 2 0 . 0  
. O  1.53 4-7530.0 
a 0  1.57 1 4-7540.0 
. T I  310.¶ 
. T 3  3 t 6 . 4  
. T 3  342.L 
.73 350.0 
. I 3  13.0 
. T 3  29.0 
.73 45.5 
4-7600 .0  173.9 
4-7610.0 163.4 
4-7St0.0 193.3 
4-7630.0 t03.1 
4-7.40.0 I tlt.9 . I 3  61.4 . T t  I T . )  . I t  93.3 
2 0  
TABLE 2-5  (CONt) 
.o  1.01 40.r 1 5 . 6  
.o 1.01 59.8 ro.6 
.o 1.01 10.0 rr.r  
.o 1.01 00.3 r3.i 
4-7700.0 rro .6  .o i .or  90.7 r3.4 
4-7710.0 r8o.r .o i .or  1 0 i . i  r 3 . i  
4-7rr0.0 r09.r .o i .or 111.3 2r.0 
4-n30.0 r99.r .o # .or  ir1.4 r0.3 
4-7740.0 300.0 .o 1.01 i 3 i . r  10.1 
.O 1.01 49.9 10.4 
iro.3 
1r9.3 
133 .1  
130.1 
i4r.s 
146.9 
1 5 1 . 1  
1 5 5 . 6  
160.0 
124.0 
1 .71  
1.69 
1.67 
1.64 
1.61 
4-7650.0 
4-7660.0 
4-7670.0 
4-7680.0 
4-7690.0 
1 . 5 7  
1 . 5 3  
1.48 
1.43 
1.37 
1.31 
1.24 
1.11 
1.03 
1.10 
4-7700.0 
4-7710.0 
4-7720.0 
4-7730.0 
4-7740.0 
4-7750.0 
4-7760.0 
4-7780.0 
4-7790.0 
4-rr70.0 
4-7110.0 
4-7wo.o 
4-nro.o 
4-7700.0 
4-7790.0 
4-7000.0 
4-7aio.o 
4-7820.0 
4-7830.0 
4-7840.0 
4-7010.0 
4-7000.0 
4-7870.0 
4-7090.0 
4-raoo.o 
310.4 
3ro.0 
33r.o 
347.3 
357.1 
6.9 
i 6 . r  
re.? 
36.8 
46.7 
5 6 . 7  
86.0 
7 1 . 0  
97.3 
07.r  
140.8 15 .3  
1so.r 1r.r 
159.3 O.r 
i r r . 3  1.2 
~04.7 -10.1 
214.3 -13.7 
rr4.r -16.0 
168.4 5.0 
186.3 -2.7 
195.4 -6.6 
164.4 
160.0 
i n . 2  
102.0 
191.6 
ro0.r 
r04.0 
177.6 
106.5 
191.0 
.96 
.09 
.81 
.66 
.r4 
. s o  Sl
.44 
.37 
.32 
4-7800.0 
4-7810.0 
4-7820.0 
4-7840.0 
4-7e30.0 
4-r85o.o 7 60 0
4-7070.0 
4-7880.0 
4-7890.0 
.o .9s r34.4 -19.4 
.o .99 r45.0 -r i . s  
.o .*o rss.9 -rr.o 
.o .90 r66.9 -23.4 
.o .so 270.0 -r3.r 
107 .1  .o .90 209.0 -2r.3 
s i r . ?  .o .DO ~99.0 -LO.# 
1~7.9 .o .a0 310.1 -10.3 
130.0 .O .09 320.5 -15.4 
209.8 
ri4.3 
ri9.r  
rt4.i 
~29.1 
t34.r 
r39.3 
r44.6 
249.9 
r.sr  
r.40 
r.43 
r . tr  
r . rr  r.ri 
r.oo 
2.01 
2.38 
2.14 
ro.9 
36.0 
52.9 
0 5 . 1  
101.2 
i i r . 5  
149.9 
io6.r  
60.9 
133.7 
4-1946.0 
4-7*30.0 
4-7980.0 
4-rsr0.0 
4-7900.0 
4-7990.0 
14i.l 
is0.r 
i60.r 
170.r 
186.1 
190.0 
. io  
.sr 
.45 
.60 
.60 
. 7 5  
.83 
.91 
.99 
1.06 
1.13 
4-7940.0 
4-1960.0 
4-7950.0 
4-7970.0 
4-7900.0 
4-7990.0 
4-0000.0 
4-0010.0 
4-8020.0 
4-0030.0 
4-0040.0 
1.95 
1.01 
1 . 1 5  
1.00 
1.68 
ior.4 
ri4.6 
230.0 
190.6 
246.6 
4-OOOO.~ 
4-0or0.0 
4-0030.0 
4-ooa0.0 
4-8070.0 
4-~080.o 
4-eos0.0 
4-0010.0 
4-8040 .O 
4-8010.0 
ror.0 
2zr.r 
r30.9 
r65 .s 
2rs.r 
284.1 
ts4.r 
217.5 
246. 5 
210.1 
.o 1.00 25.8 i 0 . r  
.o 1.01 35.r 14.0 
.o 1.01 44.7 17.0 
.o 1.01 74.9 r2.7 
.o i .or  05.2 r3.4 
.o i . or  105.9 22.6 
.O 1.01 54.6 19.5 
.O 1.01 64.6 21.4 
. O  1.02 95.6 L3.3 
209.9 
~96.0 
3or.i 
wo.9 
3rr.r 
339.9 
308.3 
314.0 
333.6 
1.39 230.1 -18.0 i . 3 ~  
1.30 r36.6 -ro.4 1.21 
1.30 r43.2 -21.1 1.21 
1.30 950.0 - 2 t . r  1.16 
1.30 L16.8 -r3.4 1.10 
341.6 
357.5 
13.4 
r9.3 
45.3 
1 . 2 O  
1.27 
1.33 
1.39 
1.44 
4-0050.0 
4-8060.0 
4-8070.0 
4-8080.0 
4-0090.0 .o 1.oF 116.1 21.3 
.o 1.02 128.1 19.3 
.o 1.01 163.6 r . 0  
.o 1.01 i rr .6  3.2 
.o 1.00 190.6 -4.6 
.o .99 r09.r -1r.o 
.O 1.01 135.0 16.0 
.O 1.01 145.3 13.9 
.O 1.01 154.S 10.6 
.o 1.00 101.8 - . I  
.O 1.00 199.0 -0.4 
346.3 
asr.6 
11.4 
r3.4 
3s.r  
46.7 
3SO.9 
5.1 
11.3 
29.4 
41.0 
4-8100.0 
4-0110.0 
4-m1zo.o 
4-8130.0 
4-8140.0 
4-8150.0 
4-8180.0 
4-0100.0 
4-8170.0 
4-8190.0 
303.8 
313.3 
3zr.s 
33r.0 
34r.z 
3sr.o 
r i  .4 
1.7 
11.0 
31.4 
1.05 
.99 
.94 
.08 
.03 
. r r  
. rr  
61.4 
77.5 
93.6 
109.0 
126.1 
w . 3  
i m . 6  
1.49 
1.54 
1 . S O  
1.61 
1.64 
1.67 8
1 . 7 0  
1 .71  
1.71 
1.71 
1.09 
i.ri 
1.10 
I . a i  
4-8100.0 
4-8110.0 
4-0120.0 
4-8130.0 
4-8140.0 
4-0110.0 0
4-8170.0 
4-8190.0 
4-8200.0 
4-0210.0 
4-8230.0 
4-8100.0 
4-0zr0.0 
4-or40.0 
.99 rm.9  - 1 5 . 3  
.99 rr9.0 - 1 8 . 1  
.9* r39.4 - L o . )  
.99 r5o. i  -rr.r 
.sa r 6 i . i  -r3.r 
.so 2ir .r  -r3.4 
.98m3.r -rr.9 
.9r r94.2 -21.8 
.99 3 i s . r  -17.0 
.90 304.0 -19.6 
.99 3 P 5 . 2  -13.9 
.99 334.9 -10.4 
.99 344.3 -6.7 
1.00 2.7 1.2 
.99 353.5 -2 .0  
5r.r 
5 1 . 1  
63.1 
60.4 
7 1 . 6  
78.0 
83 .0  
00.0 
90.9 
93.6 
103.2 
101.9 
112.5 
121.6 
111.1 
.54 
.s4 
. S T  
.Si! 
. 52  
r23.1 
210.8 
res.? 
239.1 
255.0 
4 4 4 0 . 0  
4-ozs0.0 
4-8z80.0 
4-8310.0 
4-8340.0 
4-8360.0 
4-8370.0 
4-0300.0 
4-8400.0 
4-04io.o 
4-0420.0 
4-84~0.0 
4-8440.0 
4-8450.0 
4-0460.0 
4-8490.0 
4-0soo.o 
4-o5r0.0 
4-0940.0 
4-8260.0 
4-8270.0 
4-8290.0 
4-0300.0 
4-8320.0 
4-8330.0 
4-8350.0 
4-8390.0 
4-0470.0 
4-0480.0 
4-8510.0 
4-0130.0 
a i  .i 
9r.o 
izr.5 
isr.9 
iar.9 
ror.8 
zir.4 
rrr .1  
r41.4 
r5 i .o  
m o . 6  
rro.1 
r79.7 
ro9.r 
~10.0 
3rr.s 
a s r . 1  
350.6 
i6.r 
102.2 
112.4 
1 3 1 . 1  
142.0 
163.0 
173.0 
192.0 
231.0 
3 0 0 . )  
317 .9  
346.0 
6.4 
.54 3 ~ 1 . 3  -3.9 .a3 
. S T  .4 . I  .re  
.so 4.9 r .r  .06 
. I 6  355.9 -1.0 .70 
.59 9.3 4.1 .96 
.eo 13.1 6 . 0  1.05 
.61 10.0 7.8 1.15 
.6L 2L.3 9.6 1.2s 
.03 26.7 11.3 1.35 
.64 31.0 12.9 1.45 
3nr.5 
3 3 4 . 1  
350.0 
310.3 
5.9 
E l . .  
Z7.0  
53.0 
69.a 
06.0 
.6¶ 
.63 
.ao 
. S I  
.IS 
.50 
.45 
.41 
. 3 5  
.30 
4-8250.0 
4-0260.0 
~-DLIO.O 
4-8roo.o 
4-or90.0 
4-0300.0 
4-0310.0 
4-0320.0 
4-0330.0 
4-8340.0 .o  
. O  1.00 11.8 5.1 
. O  1.00 20.9 8.0 
. O  1.01 39.7 1 5 . 5  
.o 1.01 30.r 1 2 . 3  
.o 1.01 49.4 10.r 
.o  1.01 w . 3  ro.5 
.o 1.01 69.5 rr.1 
.o 1.02 79.0 r 3 . i  
.o  i.or 90.r r3.4 
.o 1.02 100.5 r3.i 
.o 1.02 110.0 rr.1 
.o 1.02 iro.9 20.4 
.o 1.01 130 .1  10.r 
.o 1.01 149.7 i r . 3  
.o 1.01 iw.9 5 . r  
.o 1.00 116.9 1.4 
.o 1.00 ms.9 -r . s  
.o 1.00 ~04.2 -10.1 
.o .99 r i3 .0  -13.6 
.o .99 r23.7 - 1 6 . 7  
.O 1.01 140.3 11.5 
.O 1.01 150.9 0.9 
.O 1.00 195.0 -6.4 
.O .99 233.9 -19.3 
. O  .a9 244.4 -21.4 
126.1 
130.6 
139.5 
i 3 s . o  
i43.m 
i4o.r 
152.0 
1 5 1 . 0  
161.3 
1 6 5 . 7  
170.1 
114.5 
170.9 
107.9 
191.0 
901.6 
206.3 
r i s . 0  
rr0.r 
225.6 
103.4 
192.4 
211.0 
230.6 
235.7 
.64 3S.4 14.4 1 . S S  
,6S 3 9 . 7  15.9 1.65 
.66 40.6 10.5 1.03 
.66 S3.1 19.6 1.91 
.s6 44.r 11.2 1.14 
102.2 
118.4 
lSO.9 
167.2 
134.7 
.24 
. 1 7  
.10 
.03 
.08 
.OO 
.64 
. 5 6  
.40 
.41 
.35 
.31 
.30 
. 3 3  
.39 
.45 
.9e 
. I C  
.LI  
.sr 
4-8350.0 
4-8360.0 
4-8370.0 
4-8300.0 
4-8400.0 
4-8410.0 
4-0430.0 
4-8440.0 
4-8450.0 
4-8460.0 
4-8470.0 
4-8480.0 
4-8500.0 
4-8510.0 
4-os20.0 
4-0530.0 
4-8390.0 
4-8420.0 
4-8490.0 
4-8540.0 
1.6 1.60 01.0 r 3 . 7  r . 3 3  
1 . 5  1.66 6s.o 23.9 2.30 
1.4 1.65 90.7 24.0 2.43 
i . r  1.64 100.4 23.6 r.50 
1.1 1.63 105.3 23.r 2.52 
1.0 1.w ii0.3 rr.7 r . 5 5  
.9 1.61 115.2 ri.9 r.so 
.I 1.60 120.1 r1.0 2.5r 
1.3 1.65 95.5 23.9 2.46 
.6 1.59 125.1 20.0  2.57 
rw.4 -.4 
ti9.r -1.3 
r95.0 - r . i  
326.1 -3.r 
342,s -3.4 
350.4 -3.3 
i4.3 -3 .0  
30.3 - r . 4  
310.9 -2.0 
46.3 -1.7 
4-osso.o 
4-8soo.o 
4-85.0 .o 
4-0570.0 
4-05.0.0 
r0.r 
s6.r 
36.1 
46.1 
88.3 
.4 1.50 130.0 10.0 2 . 5 7  
.3 i . sr  134.9 $ 7 . 5  r.56 
. i  1 . 5 6  139.0 16.0 1.15 
.o 1 . 5 5  i44.0 14.4 r . 5 3  - .r 1.53 149.7 12.7 r.51 
-.4 i . s r  154.0 10.0 r.40 
- . s  1 .51  159.6 0.0 r.45 
- . T  1.50 104.6 8 . 7  r.4~ 
-1.0 1.47 iu.8 r.3 r .35  
-1.r 1.46 179.9 .o r.31 
-1.4 1.43 190.5  -4.7 r.r2 
- 1 . 5  i.4r 106.0 -7.0 1.18  
-1.6 1.41 roi.6 -9.3 r.14 
-.9 1.40 169.7 4.6 L.39 
-1.3 1.45 105.2 - Z . 3  2.L6 
6Z.3 -.O 
70.4 . I  
94.6 1.1 
110.0 1.9 
127.0 r .6  
143.3 3.1 
1~9.5 3.4 
ir5.o 3.3 
200.0 r . 5  
224.1 1 . 8  
255 .9  .o 
m . 8  -.9 
~ 8 7 . 6  - 1 . 0  
191.9 3.1 
240.0 1.0 
. I 9  
.67 
.74 
.09 
.96 
1.03 
1.17 
.or 
1.10 
4-0550.0 
4-0500.0 
4-0570.0 
4-0590.0 
4-0600.0 
4-0610.0 
4-0630.0 
4-0580.0 
4-8er0.0 
4-0600.0 
4-06ro.0 
4-0840.0 
4 - ~ 0 ~ 0 . 0  
4-o600.o 
4-8610.0 
4-0630.0 
4-8660.0 
4-0670.0 
4-0690.0 
r 6 . 5  
s8.0 
i i 7 . r  
irr.4 
1 5 1 . 1  
06.6 
101.0 
131.1 
147.6 
1 6 T . 7  
.o .so r55 .3  -2r.e 
.o .no 266.3 -23.4 
.o .so r77.4 -23.3 
.o .*I roo.4 -22.4 
.o .oo 299.3 - to .? 
240.9 
246.r 
2 s i . s  
2 5 1 . 0  
262.6 1 . t 3  
1.34 
1.40 
1.43 
1 . 5 0  
I .rs 
4-0040.0 
4-0060.0 
4-0670.0 
4-8680.0 
4-8690.0 
4-oes0.0 
3 Y N 8 9  
T H  I M A W ?  I VFNUS 
SUN SUN CLAM ?LAN SUN W N  COY PLAN PLAN SUN SUN CON 
R I 4  OLCL I LOW6 LA1 R RA CLCL OIST I LONG L A 1  R R A  CECL ClST 
1.64 r9.7 12.4 
1.6s 4r.o 16.0 
1.66 s6.r ro.3 
1 .07  6 0 . 0  r1.r 
i . 0 7  05.4 rr.0 
1.67 70.1 r r . 7  
1.64 34.0 14.0 
1.65 30.4 15.5 
1.66 47.3 10.1 
1.66 5 1 . 7  19.3 
4-7610.0 27.2.6 
4-7wo.o ~ 3 2 . 3  
4-7sro.o r4i.9 
4-7aoo.o r1i . s  
4-rm0.0 I r 6 t . i  1 . I  1 .I 1 .0 1 .8 1 .# 
1 .0 
1 .8 
1 .0 
1 .0 
1 . 7  
1 . e  
1 .5  
1 .5  
1.4 
1.3 
1.1 
1 .o 
.9 
.o . 
. 5  
. 3  
.o  
- . 3  
- . 5  
- . I  
- .o 
-1 .o 
-1.1 
-1.3 
-1.4 
-1.5 
-1.6 
-1 .? 
- 1  .0 
-1 .e  
-1 .0 
-1 .0 
-1 .8 
-1 .0 
-1 .6 
-1 .I 
-1.4 
-1.3 
-1.1 
-1 .o 
- . o  
- .6  
-.4 
-.3 
-.l 
. I  
.3 
.4 
.6 
.o  
1 . r  
.r 
- . r  
- 1 . r  
-.9 
.o 
1 .o 
1 .0 
2.6 
3.1 
3.4 
3.4 
3.1 
1.9 
1.1 
. I  
-.o 
r .a 
-1 . I  
-r.4 
-3.0 
-3.3 
-3.4 
-3.2 
-2.0 
-1.4 
- .4 
.5 
1.4 
3.3 
3.4 
3.3 
1 .I 
.E 
- .4 
-1.3 
-2.1 
-2.7 
-3.4 
-3.3 
-3.0 
-2.5 
-.9 
. l  
1 .o 
1 .9 
2.6 
3.1 
3.4 
3.4 
3.1 
2.6 
1.9 
1 .o 
. l  
-.9 
-1 .I 
-3.0 
-3.3 
-3.4 
-r .r 
r . r  
r.9 
r.9 
r.3 
-3 .r 
- I  . r  
-r .4 
-3 .r  
-r .o  
- r . i  
-1.3 - .4 
.a  
1 .s 
2.9 
3.3 
3.4 
r . 3  
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.U 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.O 
.o 
.o  
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o  
.o 
.o 
. o  
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o  
.o 
.o 
.o 
.o 
.O 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.o 
.I2 109.4 
.I2 12s.5 
. I 2  141.7 
.rr 157.9 
. I L  ir4.i 
r.61 rrr.r 
L.63 230.1 
2.84 I 254.0 .rr  ru.1 .it r0r.i . I 3  3 0 3 . 0  
F.05 L09.9 
r .65  r o s . ~  
r.03 311 .3  r m  333.2 
r .50  349.0 
2.64 301.5 
L.55 4.9 
.o 1.06 
.o 1.00 
.o 1.00 
.o 1.00 
.o .99 
.o .99 
1.60 m . 6  r0.3 
1.59 1 ~ 0 . 1  i9.r 
1.50 133.4 17.9 
1.56 130.4 16.5 
1.55 143.3 14.9 
1.54 140.2 13.2 
1.53 153.2 11.4 
1.51 150.1 9.4 
1.50 163.1 7.4 
1.49 160.1 5 . r  
. re  150.1 
.r2 io2.r  
. I L  199.0 
. r r  r i5 .r  
. I 2  166.5 
.eo 4-7900.0 
.zr 4-7910.0 
.LO 4-r9eo.o 
. 3 P  I 4-7930.0 
.o .99 330.3 -1r . i  i 5 i . j  
.o .s9 339.9 -0.5 reo.9 
.O .99 349.L -4.7 I t66.S .47 173.) 3.0 
.45 183.6 -1.6 
.44 100.9 -3.9 
.43 194.3 -6.3 
.4L 199.9 -0.6 
.41 201.6 -10.9 
.46 110.4 . r  
.do rii.5 -13.1 
.3* rir.5 -1s.r 
.39 rz3.r -17.1 
.rr 231.4 .rr r47.5 
. r r  263.0 
.it 279.6 
.n r95.5 
. I 3  311.S 
. I S  327.3 
.o 1.00 3 5 0 . i  
1.50 294.1 
1.44 309.9 
1.30 I 325.7 . I 3  343.1 . I 3  14.8 .rs 350.9 
. I 3  30.6 
. 7 3  46.4 
. 7 3  02.3 
. I L  70.3 
. t r  94.3 
1.39 m 1 . r  -r3.9 
1.39 n o . 6  -24.0 
1.40 271.4 - n . o  
1.41 r9o.r -rz.e 
i.4~ z9r.i -21.0 
1.41 sro.9 - 1 5 . 1  
1.40 3r6.4 -13 .0  
i . s r  341.1 -7.9 
1.40 204.1 -23.3 
1.43 303.4 -20.4 
1.44 309.4 -19.0 
1.45 315.3 -17.4 
1.49 331.8 -11.9 
1.51 336.7 -10.0 
1.¶3 346.1 -5.9 
. I C  110.3 . i r  126.5 
.it 142.7 
. I L  1 7 5 . 1  
. r t  191.3 
.rr ro7.6 .rr  ~ ~ 3 . 0  
. rr  r39.9 
. I C  rs6.0 
.rr r7r.i 
.it ~ 0 0 . 1  
.It 150.9 
. I 3  304.0 
.73 319.8 
. ?3  335.7 
4-8200.0 41.4 
4-0110.0 51.4 
4-0zr0.0 01.1  
4-8P30.0 I 7 1 . 0  
. 7 3  3 5 1 . ¶  
. I 3  7.3 
.73 39.0 
. T I  r3.i 
.n 54.0 
. I L  70.0 
. rr  0 6 . 7  
. rr  ior.0 
. I C  135.0 
.re 110.9 
.* 
1 .o 
1.3 
1.4 
1 .I 
1.6 
1 . r  
i . r  
i . r  
1 .I 
1 .0 
1 .0 
1 .0 
1 .a  
1 .0 
1 .0 
1 .0 
1 .0 
1 .7  
i .r  
. I 2  1 S l . t  
.12 167.5 
.72 103 .1  
.7r 199.9 
. I L  2i6.r 
. r r  252.3 
. rr 264. 5 . 7 2  248.5 
.7L 2oo.s 
.73 296.5 
.73 312.4 
. 7 3  320.3 
.73 344.1 
. I 3  359.9 
.73 1 5 . 7  
.73  31.5 
. I 3  47.4 
* 7 3  63.3 
. rr  7s.r 
. rr  91.r 
.72 111.3 
.n irt.4 
. rr  143.6 .rr 1~9.0 
.7r 116.1 
.rr 19r.i 
.rr 200.5 
.rr 2~4.1 
.rr ~40.9 
. IL  rs7.o 
.IL r13.0 . i r  ro9.0 
. r3  320.0 
. r3  330.0 
.73 304.9 
.O .a0 309.0 -10.4 260.2 
.O .e9 3L0.0 -15.6 274.0 
.O .99 329.0 -12.3 I 279.8 
.o .99 339 i - 0 . 7  2 e s . r  
.O .s9 340:l -4.9 1291.0 
21 
TABLE 2 - 5  (CONTI 
18M*(192 
MAHS VFNl  JS JULIAN 
PLAN ?LAN SUN SUN Co* PLAN PLAN SUN SUN COY 
LONG LA1 R R A  CCcL C I S 1  LONG LA1 I) R A  CECL CIS1 'ITE 
w . 0  -1.1 1.41 201.4 -11.6 r.09 303.4 - 2 . 5  
104.0 -1.8 1.40 213.3 - 1 3 . 1  2.05 3ig.r -3.0 
116.5 - 1 . 0  1.39 rr5.6 -17 .6  1.96 350.9 -3.4 
122.0 -1.0 1.30 r3r.o -19.3 1.92 6 . 0  - 3 . r  
i1O.L -1 .0  1.39 t19.4 -15 .8  2.01 335.1 -3.3 
p*-92  - T H  
AN CLAY SUN SUN 
129.1 -1.0 1.30 t 3 0 . 6  - t O . 6  1.86 22.0 -2.7 
135.5 -1.0 1.30 245.3 -rr .o 1.84 30.0 -2.1 
141.0 -1.1 1.30 ri2.i -21.9 1.80 54.6 -1.2 
140.2 -1.6 1.30 r50.9 -23.6 1.75 10.9 - . 3  
154.5 - 1 . 9  1.39 ~ 6 5 . 1  -r3.9 1.71 8 1 . 0  .6 
-1.4 1.39 t T t . 6  -m.o 1.61 1os.r 1 . 5  .w 152.2 
-1.r 1.40 rr9.4 -23.7 1.6~ 119.4 2.3 .w 168.4 
-1.1 1.41 m . 1  -r3 . t  1.58 135.6 2.9 .W 104.1 
-.9 1.42 r9t.T -rr .3  1.53 151.9 3 . 3  .re 200.9 
-.@ 1.4r rg9.o - r i . 3  1.40 168.1 3.4 . T Z  rir.1 
JULlAN I F A R
CL
LON6 LA7 I R A  OECL 
.? 
1.0 
13.1 
t 9 . r  
r5 . r  
4r.1 
31.1 
3 T . O  
40.4 
53.9 
59.4 
64.1 
10.0  
1 5 . t  
00.3 
05 .3  
95.1 
99.9 
104.6 
109.3 
113.9 
110.5 
123.0 
12T.5 
136.4 
140.0 
149.6 
153.9 
158.3 
162.7 
1 6 T . O  
171.4 
115.8 
100.3 
184.T 
109.2 
193.0 
160.4 
t o 3 . 0  
2OT.T 
9o.r 
i3r .o  
i45.r 
r1r.4 
m i . 3  
rrr. 1 r v .  i 
23r. 1 
r3r.3 
r4r.y 
r4r.8 
251.r 
r50 .  I 
264.3 
269.9 
t T 5  . I  
281.6 
287.) 
293.6 
299.7 
305.9 
312.1 
318.4 
324 .? 
331 .I 
331.4 
343.6 
3 5 0 .  1 
356.4 
t .e 
6 .0  
15 .0  
r i  .o  r1.o sr .s  
3 0 . T  
44.4 
50.0 
55.6 
61 . O  
66.3 
1 6 . T  
01 .e 
00.0 
91.T 
96.6 
101 . I  
106.0 
110.1 
119.9 
133.3 
11 . a  
115.3 
ir4.4 
ir0.0 
4-8100.0 
4-6110.0 
4-8120.0 
4-8130.0 
4-8140.0 
1 1 1 . 1  
181.8 
191.5 
( 0 1 . 3  
L l 1 . 0  
4-8~50.0 
4-61~0.0 
4-owo.o 
4-8~so.o 
4-8160.0 
tea .?  .o 1.01 44.3 16.0 
( 4 6 . 0  .o 1.01 64.1 r t . 3  
~ 5 5 . 6  .o 1.01 ~ 4 . 3  rr.1 
t w . 1  .o !.or 04.1 t3.4 
L36.4 . O  1.01 54.1 19.4 
. O  1 . 1 0  
. O  1.11 
.o  1.13 
.o  1 . 1 3  
.o 1 . 7 4  
. o  1.73 
.o 1 . 1 2  
.o 1 . T O  
.o 1.88 
. O  1 . 8 5  
4-0150.0 
4-0160.0 
4-0110.0 
4-8100.0 
4-0190.0 
4-0000.0 
4-0010.0 
4-0820.0 
4-0030.0 
4-0040.0 
4-8800.0 
4-8810.0 
4-8820.0 
4-8030.0 
4-0850.0 
4-8060.0 
4-0800.0 
4-0840.0 
4-0610.0 
4-0seo.o 
114.1 
284.2 
L93 .T  
303.3 
322.4 
33t.l 
3Yl.5 
3 t t . 8  
341 . T  
1 .r  
.o 1.02 
. O  1.50 
. O  1.54 
.o 1.50 
.o 1.45 
4-0050.0 
4-0060.0 
4-0010.0 
4-8000.0 
4-0090.0 
.s 1 . 5 0  333.2  -11.3 i.ir 
.I 1.51 330.3  -9.4 1.01 .I t .w 343.2 - 7 . 3  .PO 
.o  1 . 5 5  s 5 t . l  - 3 . 3  .e4 
.r 1.5~ 1.1 .e .rr 
.4 1.59 10.0 4.r .64 
. O  1.53 340.0 - 5 - 3  -91  
.I 1.50 3 5 T . 3  -1.L .10 
. 3  1.50 6 . t  L . 0  .61 
.I 1.61 15.0 0.0 .63 
t04.3 -.I ro0.r -1.4 
~96.0 -r .r  
x 1 . 6  -3 .r  
359.4 - 3 . 3  
3t.r -2.4 
311.0 -2.0 
343.5 -3.4 
15.3 - 3 . 0  
41.1 - 1 . T  
. O  1.40 
.o 1.34 
.O 1.2L 
. O  1.16 
.o t .ro  
4-0900.0 
4-8910.0 
4-0930.0 
4-8940.0 
4-8920.0 
4-8950.0 
4-8S60.0 
4-8910.0 
4-8960.0 
4-8990.0 
I1 .o 
?l.l 
81 . 3  
91.5 
101 . I  
.- O .e9 
.o .01 
.o .14 
. O  .61 
4-0900.0 
4-0990.0 
4-9000.0 
4-9010.0 
4-9000.0 
4-9oio.o 
4-9020.0 
4-9030.0 
4-9040.0 
111.6 
1zr.o .o .PI 304.3 -19.1 
t3r.r .o .e9 si4.r -11.1 
14r.3 .o .99 324.7 -14.1 
tw.4 .o .99 334.4 -10.8 
4-9050.0 
4-9010.0 
4-9090.0 
4-9100.0 
4-9110.0 
4-9060.0 
4-9000.0 
1 6 L . 5  
18t.4 
202.1 
tll.9 
L L l . 8  
t w . 5  
t w . 3  
.94 
1.04 
1.13 
1.32 
1.51 
1.60 
1.m 
1.4~ 
1.69 
1.71 
144.3 
160.5 
176 .1  
209.0 
P4l.O 
256.9 
192.9 
te5.o 
2rr.r roo.# 
.T2 193.3 .o .30 
.rr 209.5 .o .33  
.rr ~25.1 .o .ts 
.TI ~ 4 1 . 9  .o .20 
. I Z  r s t . 9  .o .30 
4-9050.0 
4-9060.0 
4-90ro.o 
4-9000.0 
4-9090.0 
.o .34 
.o .40 
.o .41 
.o . 5 5  
. O  .83 
.O .I1 
.O .I9 
. O  . 6 T  
.O .95 
.o i.or 
4-9100.0 
4-9110.0 
4-9120.0 
4-9130.0 
4-9140.0 
4-9150.0 
4-9160.0 
4-9110.0 
4-9180.0 
4-9190.0 
4-sis0.0 
4-9~10.0 
4-si80.0 
4-9ioo.o 
4-9160.0 
r m . 1  .o 1.02 19.2 23.1 
2w.r .o  t . or  100.0 23.1 
Z ~ . T  .o t . or  110.3 rr.1 
t98.3 .o t . or  1~0.4 ro.5 
269.T .O  1.02 89.0 23.4 
r.10 
e.ra t . 3 1  
r.30 
t.40 
r.4r 
r.44 
1.44 
t . t 3  
L.31 
r3 .T  
5s.a Tl.0 
39.T 
00.0 
104.1 1.6 
110.4 c.4 
136.0 1.9 
iw.9 3 . 3  
169.1 
. I L  7 r . T  .o 1.09 
.?e 104.i .o 1 . r ~  . ~ r  1~0.6 .D 1.r) 
. T I  80.1 .D 1.10 
.TI? 13T.D .D 1.S5 
.O 1.40 
.O 1.41 
.O 1.10 
.o 1.54 
4-ero0.0 
4-9~ra.0 
4-9~30.0 
4-9110.0 
4-9L40.0 
4-9250.0 
4-9260.0 
4-92T0.0 
4-9280.0 
4-9t50.0 
4-9t6O.O 
4-SL10.0 
4-9t8O.O 
4-9L90.0 
4-9100.0 
4-9310.0 
4-9320.0 
4-9330.0 
4-9340.0 
4-9350.0 
4-9300.0 
4-9370.0 
4-9380.0 
4-9390.0 
4-b.JO.0 
4-9410.0 
4-9430.0 
4-9440.0 
4-9450.0 
4-9460.0 
4-94r0.0 
4-9470.0 
4-9480.0 
4-94.0.0 
358.1 
5.9 
1 5 . 1  
L 5 . 8  
39.8 
4Y.6 
55.1 
65.0 
'5 . 9  
16 .1  
96.3 
101.1 
116.7 
1tI.Y 
111.0 
147.1 
1 Y 1 . 1  
IT?.?. 
181.1 
131.0 
2OI.8 
i61.r 
ria.5 
228.r 
135.9 
.0 1.50 
.o 1.81 
. O  1.64 
.o 1.06 
. O  1.80 
. O  1.09 
.O 1.10  
. O  1.11 
.O 1.11 
.o  1.11 
.o  1.10 
. O  1.70 
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1 . 4 3  302.6 -20.5 
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1 .56  139.4 16 .2  
1 . 5 5  144.3 14.6 
. 0  1.00 i 0 . i  4 : J  
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Section 3 
GRAPHICAL TRAJECTORY DATA 
The round t r i p  t r a j ec to ry  data  for  each mission opportunity are presented 
graphically in t h i s  section. 
is t o  provide a means fo r  rapidly locating mission windows of in t e re s t .  Once 
the  region of interest i s  known, one may tu rn  t o  t h e  t abu la r  data ,  presented 
i n  subsequent sect ions,  f o r  more detai led information. 
The intended purpose of t h e  graphical displays 
The graphical data included i n  t h i s  section cons is t s  of a set of three charts  
fo r  each mission opportunity. One of t h e  char t s  i s  termed a contour char t  
and is divided i n t o  two sect ions;  t h e  l e f t  h a l f  pertains t o  the Earth-to-Mars 
t r a j ec to ry  and t h e  right ha l f  per ta ins  t o  t h e  r e t u r n  f l igh t .  The second 
char t  is a t o t a l  mission veloci ty  p lo t  which indicates  t h e  minimum incremental 
velocity required t o  perform the mission as a function of mission duration. 
The t h i r d  char t  presents t he  E a r t h  entry speeds associated w i t h  these minimum 
mission veloci ty  requirements. The three charts a re  placed together t o  f a c i l i -  
ta te  t h e i r  use i n  studying a given opportunity. The contour char t ,  the  mission 
veloci ty  p l o t ,  and the  Ear th  entry speed char t  are denoted pa r t s  A, B, and C ,  
respect ively,  of the same figure, and there i s  one f igure f o r  each of t h e  16 
mission opportunities.  Preceding each set of three char t s  is a page of dis-  
cussion per ta ining t o  any unique o r  special  features  exhibited i n  t h e  graphi- 
c a l  data. 
Unlike t h e  case f o r  d i r e c t  t ransfers ,  multiple solut ions of swingby t r adec to r i e s  
frequently e x i s t  f o r  a given date at E a r t h  and date at Mars. 
character ized by a unique Venus swingby date, belongs t o  a d i s t i n c t  family of 
solut ions,  and a contour c h a r t  could be prepared for each of the  families. 
these contour char ts  were t o  be p lo t ted  on the same graph, they would usually 
overlap and would be extremely d i f f i c u l t  t o  understand and use. 
f a m i l j  of solut ions f o r  each opportunity is shown on t h e  contour char ts .  The 
se lec t ion  of the  pa r t i cu la r  family t o  be presented w a s  based on such consid- 
e ra t ions  as veloci ty  requi remnts ,  departure window size, and mission duration. 
For the Category 3 swingby opportunities,  t h e  appropriate choice was obvious; 
Each so lu t ion ,  
If 
Only one 
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however the  Category 5 opportunl t les  frequently provided tw or more competi- 
t i v e  families and the ultimate choice uas somewhat arbitrary.  Thus, it is  t o  
be emphasized that the contour char t s  do not contain all the solut ions of 
i n t e r e s t ,  and it may be of advantage t o  scan the  tabular  data f o r  other 
ava i lab le  missions. 
The contour char t s ,  pa r t  A of each of t h e  s e t s  of figures, contain curves of 
constant hyperbolic exceas speed at  departure and a r r i v a l  of E a r t h  and Mars 
f o r  t he  outbound leg on t h e  left side and for  the  return leg on the r i g h t  side. 
These contours a r e  p lo t ted  on a grid of date  a t  Ea r th  along the  abscissa and 
da te  at Mars aloag the  ordinate.  I n  addi t ion,  on t h e  r ide  per ta ining t o  the  
swingby traJectory,  contours of constant Venus passage date and passage dis- 
tance are included. 
t e r i s t i c  porkchop shape w i t h  t he  well-known "ridge" extending upwards and t o  
the r igh t ,  separating the Type 1 and Type 2 t r a j ec to r i e s .  
3 opportunities,  t he  contour char t s  for t he  swingby legs exhibi t  a considerable 
amount of s imi la r i ty .  Charac te r i s t ica l ly ,  the  speed at Mars contours are oval 
rhaped, the speed a t  Ear th  contours are nearly v e r t i c a l  l i n e s ,  and t h e  passage 
da te  contour8 are parabolic shaped. 
chosen fo r  presentation contained Type 2 t r a j e c t o r i e s  between Ear th  and Venus 
end Type 1 t r q l e c t o r i e s  between Venus and Mars. 
t ou r s  do not posses8 t h e  s imi l a r i t y  among the  opportunities t o  t he  extent 
noted with the Category 3 missions. 
of the  Category 5 ndsrions are smaller than those of Category 3. 
The speed contours fo r  t he  d i r e c t  legs possess t h e  charac- 
Within t h e  Category 
A l l  Category 3 famil ies  of solut ions 
The Category 5 swingby con- 
Generally speaking, t he  departure windows 
As a point of i n t e r a r t ,  it mey be noted that occasionally the re  e x i s t s  multi- 
ple swingby solut ions fo r  given dates a t  Earth and Mars wi th in  a s ingle  family. 
Such s i tua t ions  m e y  be recognized i n  t he  contour char t s  as t h e  regions where 
the constant passage dis tance contours appear t o  intersect. VandcrVeenlo has 
pointed out that such occurrences are more eas i ly  underatood i f  one considers 
the s i tua t ion  depicted i n  th ree  dimensions w i t h  t h e  th i rd  dimension being 
swingby date. Then the  contours form a surface which tends t o  fo ld  back on 
i tself ,  and t he  contours t h a t  appear t o  i n t e r s e c t  when prodected on a plane 
art seen t o  ac tua l ly  l i e  on di f fe ren t  sides of the  -face. 
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The mirsloo veloci ty  p l o t r ,  par t  B of each ret of figurer, contain the dni- 
mm t o t a l  nirrion veloci ty  requirements tu a fhnction of mission duration fo r  
C e r o - ,  300, and 60=- stopover times. 
pa r t i cu la r  i d l y  of s o l u t ~ o n s  represented i n  t h e  contour chaFt8. For each 
mhrion duration, the  veloci ty  requirement shovn is  the  mini- porr ib le  in 
the sense that no other  combination of E a r t h  depsrture date and Mars a r r i v a l  
date in t he  f d l y  will permit a s m a l l e r t o t a l  ve loc i ty  requirement 8ubJect 
t o  the conr t ra ln t  that  t he  Venus paasege diatance must be 1.1 Venw radii o r  
greater. 
mum mission ve loc i t i e s  for  a l l  misrioa durations, missions will occsrionally 
be found in the  tabular data w i t h  t o t a l  ve loc i t ies  less than tha t  shovn fo r  a 
given mirrion duration on the mirrion velocity chart .  
fo r  both propulr i ra  braking ( r o l i d  l i n e r )  and atmospheric braking (dashed lines) 
at M a r 8  arrlvsl. 
8\11 of E a r t h  and Mars departure and Mars arrival veloci ty  increments. 
ve loc i t i e s  fo r  atmospheric braking are defined aa the  sum of Ear th  and Mars 
departure veloci ty  increments. 
p u l r i r a  t h n u t  111uleu~err at the p l a m t s  a s s d n g  c i r c u l a r  parking o rb i t s  of 
485 urd 500 kilcmeters a l t i t u d e  at Earth and Mars, respectively.  
veloci ty  curves generally exhibit ctwpr at  soope value of mission duration. 
The c u p s  occur at the t r a n s i t i o n  fiom Type 1 t o  Type 2 trajectories oa the 
d i r e c t  leg. The rpPe 1 d i r e c t  t w e c t o r l e s  are arsociated with the short 
dsr ion  durations t o  the left  of t he  CUp8. 
a direct leg t r a n s f e r  of exactly 180 degrees. Type 1 t r a j e c t o r i e s  do cart 
f o r  longer mission durations (and Type 2 for shor t e r  dssiolr durations) e but 
there do not y i e ld  minimum lnisrion veloci t ies .  
nese ve loc i t i e s  correspond t o  t he  
Because one family of  soluticms generally does not contain the  mini- 
Currrrs are presented 
Mi88ion ve loc i t i e r  for propulsive braking are definad a8 t he  
Mission 
The Velocity increments are predicated on b- 
The mlssiaa 
The cusp itself doe0 not reprerent  
The E a r t h  entry speed8 are prerented in p a r t  C of each s a t  of figures aa a 
function of lnirrion duration for  both propulsive braking and a e r o d y n a c  
braking at Micra. 
the  30-w stopover time because the  variation of en t ry  speed with stopover 
time is u8ual.l.y small. 
lead t o  d i f f i c u l t y  i n  rerdiag t h e  figure. 
a880Ciated vith the  t r a j e c t o r i e s  yielding the minim= t o t a l  mirsion n l o c i t i e r  
a8 described in the pnced lng  par.gr8p.h. The ent ry  ve loc i t i e s  are evaluated 
at an a l t i t u d e  of l20 h above the E8rth'r rurf8ce at the equator. 
In port opportpprltler, the ent ry  speeds are shown aply f o r  
The i n c l w i o n  of rll t h ree  rtopover tlmes vould often 
The ent rg  rpeeda s h m  are those 
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1975 INBOUND SWINGBY 
The swingby t r a j e c t o r i e s  during t h i s  opportunity are of Category 3. 
family of solutions shown have Type 1 t r a j e c t o r i e s  on the  Mars-to-Venus leg 
and Type 2 t r a j e c t o r i e s  on the  Venus-to-Earth leg.  This is the  only family 
of solutions avai lable  for t h i s  opportunity within t h e  date ranges investigated.  
The 
Except for  t h e  longer mission durations,  t h e  solut ions t h a t  y i e ld  the  m i n i m u m  
mission veloci t ies  of part B of t h i s  f igure are generally unaffected by t he  
constraint  t h a t  the Venus passage distance be above 1.1 Venus r ad i i .  The 
exceptions are as follows: 
Stopover Time Mission Durations 
Propulsive 
Braking 
Aerodynamic 
Braking 
r 
0 
30 
60 
c 
0 
30 
60 
560, 640, 680 
680 
680 
640, 680 
600, 640, 680 
600, 680 
The E a r t h  entry speeds associated with t h e  zero- and 60-day stopover minimum 
veloc i ty  missions vary from those shown f o r  t h e  30-day stopover by an amount 
t h a t  is  larger than normal for Category 3 missions. 
t h e  speeds f o r  zero- and 60-day stopovers were t o  be p lo t ted ,  they would l i e  
about 1 km/sec above the  corresponding propulsive and aero braking curves for 
30-day stopovers. 
Generally speaking, i f  
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1978 OUTBOUND SUINCBY 
This is a Category 5 swingby opportunity. Both the Earth-to-Venus and Venus- 
to-Mars legs for the family shown on the  contour char t  are Type 1 t r a j e c t o r i e s .  
This par t icu lar  family presents an extremely s m a l l  departure window within 
which t h e  maximum passage distance just s l i g h t l y  exceeds 1.1 Venus radii .  
There is, i n  f a c t ,  only one gr id  point (because of the  10 day increments) with- 
i n  the family t h a t  satisfies t h e  Venus passage dis tance cons t ra in t  imposed i n  
the  mission ve loc i ty  charts.  Therefore, t he  one swingby solut ion is used f o r  
all t r i p  times, and t h e  shape of the mission veloci ty  curves follow the behavior 
of the Mars departure ve loc i ty  as a function of the  return l eg  f l i gh t  t i m e  
holding Mars departure date  fixed. 
in appearance from those of a l l  other  opportuni t ies  because the Mars departure 
date remains f ixed f o r  each stopover t i m e  throughout a l l  mission durations. 
Earth entry speeds for propulsive and aero braking must be i d e n t i c a l  s ince the  
same return t r a j ec to ry  must be used for both cases. 
Likewise, t h e  Ear th  entry speed curves d i f f e r  
The 
There exist two o ther  families of solut ions within t h i s  opportunity t h a t  pro- 
vide smewhat l a rge r  windows and canpetitve mission ve loc i t i e s  but result i n  
longer mission durations. One of these two families consis ts  of a type 1/2* 
combination of t r a j e c t o r i e s  on the  swingby l e g  while the  other  family cons is t s  
of a Type 2 /1  combination. 
gr id  these families overlap and generally l i e  above and t o  the  l e f t  of the  
family shown. 
On the  E a r t h  departure date - Mars arrival date 
*This notation is t h e  same as t h a t  employed i n  t h e  tabular data. The 
t ra jec tory  types are given i n  t h e  order i n  which t h e  legs occur. 
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1978 INBOUND SWINGBY 
This Category 5 family consis ts  o f  a TlVpe 1/2 combination of t r a j e c t o r i e s  on 
the swingby leg. The family shown is one of two families contained i n  t h e  
tabular data with t h i s  combination. The two families may be distinguished 
i n  the  t a b u l a r  data by t h e  differences i n  swingby date. Also included i n  t h e  
tabular data are missions representing t h e  o ther  th ree  t r a j ec to ry  type combi- 
nat ions,  i.e., 1/1, 2/1, and 212. A l l  of these families require  high mission 
ve loc i t i e s  compared t o  other  opportunities. 
char t  exhibi ts  t he  three-dimensional effect described earlier. 
The family shown in t h e  contour 
From the tabular  data it appears t h a t  nearly a l l  t he  missions r e s u l t i n g  i n  the 
minimum mission ve loc i t i e s  presented i n  Figure 3-3B l i e  very nea r  e i t h e r  the  
passage distance cons t ra in t  o f  1.1 Venus radii o r  t h e  right-hand edge of t h e  
surface. 
it is generally d i f f i c u l t  t o  determine whether t h e  m i n i m u m  mission v e l o c i t i e s  
represent s ta t ionary  minima o r  boundary values. 
minimum velocity missions f o r  the longest mission duration include d i r e c t  l egs  
at the  boundaries of t h e  data ranges invest igated.  
Because of t h e  l imi ted  number of g r i d  points  avai lable  i n  the  family, 
A s  a point  of i n t e r e s t ,  t h e  
The E a r t h  entry speeds associated with the minimum mission ve loc i t i e s  are seen 
t o  be qui te  insens i t ive  t o  mission duration. 
insens i t ive  t o  stopover t i m e  as t h e  data points  f o r  zero- and 60-day stopovers 
fa l l  almost exact ly  on t h e  curves shown. 
The en t ry  speed is a lso  very 
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1980 OUTBOUND SWINGBY _- ----.- 
The swingby t r a j e c t o r i e s  during t h i s  opportunity a r e  Category 3 t r a j ec to r i e s .  
As noted previously, a l l  Category 3 outbound swingbys have Type 2 t r a j e c t o r i e s  
on t h e  Earth-to-Venus l eg  and Type 1 t r a j e c t o r i e s  on t h e  Venus-to-Mars leg.  
This  is t h e  only family of missions i n  the  da te  ranges investigated.  
In  t h i s  opportunity, t h e  minimum mission ve loc i t i e s  for propulsive braking a t  
Mars are not affected by the  constraint  t h a t  t he  Venus passage dis tance must 
be greater t h a n  1.1 radii .  For aerodynamic braking, however, t he re  a re  several  
mission durations for which a s l igh t ly  lower mission veloci ty  is  avai lable  with 
missions for which the  passage dis tance is less than 1.1 r a d i i .  These are as 
follows : 
Stopover Tine 
0 
30 
60 
Mission Durations 
520, 600, 640, 720 
520, 560, 600, 640 
520, 560, 640, 680 
The Earth e n t r y  speeds associated with t h e  minimum mission ve loc i t i e s  for t h e  
zero- and 60-day stopovers are very close t o  those shown f o r  t h e  30-day stop- 
over except i n  the  region of t h e  d iscont inui t ies  where a var ia t ion  of over 
1 k d s e c  may be found. 
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1982 INBOUND SWINGEX -
This Category 3 family has Type 1 and Type 2 t r a j e c t o r i e s  on t h e  Mars-to- 
Venus and Venus-to-Earth l egs ,  respect ively.  
ab le  i n  t h i s  opportunity within t h e  da t e  ranges invest igated.  
t h e  right-hand side of t h e  contour cha r t  fo ld  over one another exhibit ing t h e  
three-dimensional e f f e c t  described e a r l i e r .  
This i s  t h e  only family ava i l -  
The curves on 
The missions yielding m i n i m u m  ve loc i ty  generally f a l l  w e l l  within the  region 
shown on the  contour chart. Therefore, t h e  cons t ra in t  on passage d is tance  
has no e f f ec t  on t h e  se lec t ions  of t h e  minimum veloc i ty  missions. 
en t ry  speeds for t h e  zero- and 60-day stopover missions a r e  very near those 
shown at the  l a r g e r  mission durat ions.  
however, there  exis ts  a va r i a t ion  i n  en t ry  speed of 1 t o  2 km/sec f o r  t h e  
three stopover times. 
The Earth 
For t h e  shor te r  mission durat ions,  
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1984 OUTBOUND SWINGBY 
The Category 5 family shown i n  the accompanying contour char t  cons is t s  of 
Qpe 1 and mpe 2 t r a j e c t o r i e s  on t h e  Earth-to-Venus and Venus-to-Mars legs ,  
respectively. 
It should be noted t h a t  there are  two d i f f e ren t  famil ies  of swingby t r a J e c t o r i e s  
having a Type 1/2 combination (although having separate  ranges of Venus swingby 
date) contained i n  the  t a b u l a r  data. 
2/1, and 2/2 combinations contained i n  the tabular data. 
families lie above and t o  the  l e f t  of t h e  family shown w i t h  t h e  exception of 
the Type 1/1 family which l i es  t o  t h e  right. 
There are a l s o  families having Type 1/1, 
Generally, these 
With the exception of the 480, 520, and 560 day mission durations f o r  the  pro- 
pulsive braking, zero-day stopover c u m ,  a l l  of t h e  minimum veloci ty  missions 
are on or very  near t h e  Venus passage dis tance cons t ra in t  of 1.1 Venus radii. 
Furthemore, for t h e  680 day mission duration, all minimum veloci ty  nissions 
employ a di rec t  re turn  l e g  w i t h  sz1 Earth re turn  date a t  t h e  boundary of t h e  
range investigated. 
Except fo r  t he  longest mission durations, t h e  Earth entry speeds associated 
wi th  t h e  minimum ve loc i t i e s  for the  zero- and 60-day stopover times are within 
about 1 km/sec of those f o r  30-day stopover times. 
duration, the  variation is 2 km/scc. 
A t  t h e  640 day mission 
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1984 INBOUND SWINGBY --
The Category 5 family shown in the contour chart consists of Type 2 trajectories 
for the Mars-to-Venus leg and Type 1 trajectories for the Venus-to-Earth leg. 
There also is another famikv with the same m e  2/1 combination in the tabular 
data. 
around 244 6100. 
other families of solutions with Type 1/1, 1/2, and 2/2 cmbinations. 
of these could be considered competitive with the family shown. 
This other family is characterized by a narrow range of swingby dates 
There is also available in this opportunity a variety of 
Several 
For the most part, the minimum mission velocities are not affected by the 
Venus passage distance constraint. The exceptions are: 
Stopover Times 
c o  
Propulsive 
Braking 
Mission Durations 
520, 640 
640 
640 
480, 640 
520, 640 
440 
None of the minimum velocity missions employ trajectories at the boundaries 
of the date ranges investigated. 
The Earth entry speeds associated with the minimum velocity missions are 
somewhat sensitive to mission duration in the vicinity of the discontinuity. 
Because of the variation in the location of the discontinuity in entry speed 
for the various stopover times, the differences in entry speed for zero- and 
60-day stopover missions will be significant for mission durations less than 
about 540 days. 
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1986 OUTBOUND SWINGBY 
The swinqby t r a j e c t o r i e s  i n  t h i s  opFortunity are Category 3 missions and have 
Type 2 and Type 1 t r a j e c t o r i e s  on t h e  Earth-to-Venus and Venus-to-Mars l e g s ,  
respect ively,  T h i s  is one of t he  f e w  Category 3 mission opportunities f o r  
which the re  ex i s t  more than t h e  one favorable family within t h e  date ranges 
investigated. The family not shown a l so  has a Type 2/1 combination and has 
only s l i g h t l y  e a r l i e r  Venus swingby dates. 
family would cover t h e  same Ear th  departure and Mars a r r i v a l  date ranges as 
those of t h e  family shown. 
A contour cha r t  of t h i s  other  
The minimum veloci ty  missions for  60-day stopover times using aerodynamic 
braking a t  Mars are, except for  t h e  680 day mission durat ion,  a l l  r e s t r i c t e d  
by the Venus passage d is tance  cons t ra in t .  
appear t o  be s ta t ionary  minima. 
ve loc i ty  curves do possess cusps. The cusps are l e s s  predominant i n  t h i s  
opportunity because t h e  t r a n s i t i o n  between Type 1 and Type 2 t r a j e c t o r i e s  
occurs near t h e  Mars-Earth nodal crossing. 
A l l  o ther  minimizing missions 
Although barely not iceable ,  t h e  mission 
The locat ion of the cusps are  somewhat more predaninant on t h e  Ear th  en t ry  
speed cha r t .  The entry speeds associated with t h e  minimum v e l o c i t i e s  f o r  t h e  
zero- and 60-day stopover times are within 1 /2  km/sec of those shown f o r  t h e  
30-day stopover for the e n t i r e  range of mission durations. 
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1988 INBOUND SWINGBY 
T h i s  is a Category 3 swingby opportunity employing Type 1 and Type 2 t r a j ec -  
t o r i e s  from Mars t o  Venus and from Venus t o  E a r t h ,  respectively.  The existence 
of multiple solut ions i n  t h e  region on the  right-hand s ide  of t h e  contour char t  
is indicated by the crossing of t he  constant passage dis tance contours. An 
unusual feature i n  t h i s  family is  the cut-out i n  the lower r igh t  corner of the  
swingby contours. 
family of solut ions,  t h e  excess speed required a t  Venus departure is  less than 
the minimum possible  Venus arrival speed. A similar s i tua t ion  occurs i n  t h e  
1999 outbound opportunity. 
Physically,  t h e  cutout is due t o  the  f a c t  t h a t  within t h i s  
The minimum mission ve loc i t i e s  are s ta t ionary  minima f o r  t h e  mission durations 
less them 600 days. 
l i e  near the  right-hand edge of the  swingby l e g  contours. 
speeds for  the zero and 60-day stopovers are generally within 1/2 lan/sec f o r  
a l l  mission durations shown. 
For t h e  longer mission durations,  t h e  minimum missions 
The Earth entry 
60 
iz 
1 I I 1 I F!e I I 1 I I 1 1 I I 1 I I '  
o m  
N, I h 
61 
W > 
0 cv -LA- 00 t 0- 
(33S/WY) A113013A NOISSIW 
62 
63 
1990 OUTBOUND SWINGBY 
The Category 5 family shown i n  the  contour char t  employs Type 2 and Type 1 
t r a j e c t o r i e s  from E a r t h  t o  Venus and from Venus t o  Mars, respectively. Other 
families of solut ions ava i lab le  i n  t h e  tabular da ta  include the  Type 1/2 C d n -  
b ina t ion  which l ies generally above the  swingby contours shown and t h e  Type 1/1 
combination which l ies  j u s t  t o  the right of t h e  contours shown. 
The minimum mission ve loc i t i e s  f o r  propulsive braking at  Mars are a l l  s ta t ionary  
minima. For aerodynamic braking, however, some of the  minimum cases are on o r  
very near the Venus passage dis tance constraint .  
a f fec ted  by t h e  cons t ra in t  are 86 follows: 
Those t h a t  appear t o  be 
Stopover Time Mission Duration 
0 
30 
60 
520 
440, 480, 520, 560 
440, 480, 520, 560, 600 
The propulsive braking minimum veloc i ty  missions f o r  t h e  680 day mission dura- 
t i o n  and all three stopover t i m e s  employ d i r e c t  r e tu rn  legs w i t h  an E a r t h  
a r r i v a l  date on the  boundary of t h e  date range investigated. 
braking the same i s  t r u e  only f o r  the 30 day stopover t i m e .  
For aerodynamic 
The Ear th  entry speeds for zero- and 60-day stopovers are within 1/2 km/sec 
of those for 30-dsy stopover a t  all mission durations. 
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1990 INBOUND SWINCBY 
The Category 5 family shown i n  the contour char t  employs Type 2 and TlVpe 1 
t r a j e c t o r i e s  from Mars t o  Venus and from Venus t o  E a r t h ,  respectively.  I t  
should be noted t h a t  t h e r e  are two d i f f e ren t  swingby families having a Type 
2/1 combination as well as various families having other  Type combinations 
l i s t e d  i n  t h e  tabular data. The Type 2/1 family t h a t  is  not shown lies i n  
t h e  lower right-hand corner of the  contour c h a r t .  
t o  the left  o f t h e  family shown whi l e  Type 1/2  and 2/2 families are avai lable  
t o  the  right of the family shown. 
A Type 1/1 family l ies 
Most of the  minimum veloci ty  missions l i e  very near the  1.1 r a d i i  Venus pas- 
sage dis tance constraint. 
are: 
Those missions t h a t  appear to be s ta t ionary  minima 
Stopover Time 
r o  
Propulsive 
Braking 
Mission Duration 
480 
480, 520 
440, 480, 520, '560 
c o  520 
Aero 
Braking 520, 560 
520 
Several  of t h e  minimum ve loc i ty  missions employ outbound d i r e c t  flights tha t  
l i e  on t h e  boundaries of t h e  date ranges investigated.  
The Earth entry speeds for the  propulsive and aero braking zero-day stopover 
missions and for the aero braking 60-day stopover missions genera l ly  are wi th -  
i n  about 1/2 km/sec of the corresponding curves for 30-day stopovers. 
propulsive b r a k i n g  60-day stopover entry speeds are higher by 1-2 km/sec than 
those of t h e  corresponding 30-day stopover missions, however. 
The 
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1993 OUTBOUND SWINGgK ----- 
This is a Category 3 swingby opportunity employing a Type 2 t r a j ec to ry  from 
Earth t o  Venus, and a Type 1 t r a j ec to ry  from Venus t o  Mars. 
only family of solut ions ava i lab le  f o r  t h i s  opportunity in t h e  date ranges 
investigated.  
s ide  of the swingby contours is  indicated by the  crossing of t h e  constant 
passage distance contours. 
This  is the  
The existence of mult iple  solut ions i n  t he  region on t h e  l e f t  
Except for t he  30-day stopover, 720-day mission durat ion,  aerodynamic braking 
case,  no minimum veloci ty  missions are af fec ted  by the  cons t ra in t  on Venus 
passage distance. 
wi th  an arrival date on the  boundary of t h e  range investigated.  
This pa r t i cu la r  mission employs a d i r e c t  re turn  f l i g h t  
The Earth entry speeds f o r  zero and 60-day stopovers l i e  almost exactly on 
the curves of t h e  30-day stopover missions. 
1/2 km/sec for most of t h e  mission durations.  
The var ia t ion  is well within 
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1995 INBOUND SWINGBY 
The t r a j e c t o r i e s  fo r  t h i s  Category 3 opportunity are Type 1 and Ty-pe 2 f o r  
t h e  Mars-to-Venus and Venus-to-Earth legs, respectively.  This I s  the  only 
f a a i l y  of solut ions avai lable  i n  t h i s  opportunity. 
All of the minimum mission ve loc i t i e s  of pa r t  B of t h e  f igure  are s ta t ionary  
minima, and are not affected by the  Venus passage distance constraint .  
The E a r t h  entry speeds f o r  the minimum veloci ty  missions are qui te  insens i t ive  
t o  stopover time, the  m a x i m u a  var ia t ion  fram the 30-day stopover curve being 
less than 1 km/sec. 
1/2 km/sec. 
For most mission durations,  t he  var ia t ion  is less than 
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1997 OUTBOuroD SWINGBY 
The Category 5 opportunity shown employs a Type 2 
Venus and a Type 1 t raJec tory  fraa Venus t o  Mars. 
t r a j ec to ry  from 
Another family 
Earth t o  
of a i s  s ions 
with a Type 2/1 canbination is available v i th  Earth launch dates preceding 
245 0100, 
The contour char t  for one of these would overlay the  family shom, and t h e  
other is available at Ear th  launch dates past 245 0200. 
Mars a r r i v a l  date range, there is a family vi th  a Type 1/1 ccmbination v i t h  
Ea r th  launch dates of 245 0240 and above. 
There are also two families of missions v i t h  a Tspe 1/2 combination. 
Final ly ,  i n  the 8- 
Nearly all of the minimum ve loc i t i e s  f o r  the relected family i n  t h i s  opportunity 
are affected by the Venus passage distance constraint .  
appear t o  y i e l d  s ta t ionary  minima are: 
The only missions t h a t  
Propulsioe 
Braking 
Aero 
Braking 
Stopover Time 
[i 
Mission Duration 
520, 560 
560, 600, 640 
560, 600 
640 
640 
The 640-day duration missions using propulsive braking at Mars mploy d i r e c t  
return legs w i t h  E a r t h  re turn dates on the  boundary of the range invest igated 
f o r  all t h r e e  stopover times. 
the zero-day stopover case. 
The sane is t r u e  for  aero braking except f o r  
Unlike most other opportunities,  t he  varia%ion i n  t h e  E a r t h  entry speeds with 
stopover time for the family shown i s  su f f i c i en t ly  l a rge  t h a t  the entry speeds 
f o r  all t h r e e  stopover t i m e 8  are  presented i n  pa r t  C of the figura. 
80 
81 
v) z 
0 
tj 
v, 
I 
QT 
W > 
0 e 
0 
IZ 
I 
I 
I 
I 
I 
I 
m 
v) 
3 I F  z 
I 
I 
m 
W > 
0 
v) 
D 
W 
W 
a, 
v) 
b I 
83 
In t h i s  Category 5 opportunity, the swingby l e g  con8ists of a Tspe 1 ttsjeCtOZ=y 
from Mars t o  Venus and a Tspa 2 t r a j ec to ry  from Venus t o  Earth. 
another family with a Type 1/2 combination i n  t h i s  opportunity t h a t  is  not 
shown. 
245 0970. 
approximately t h e  stme region 88 the  family shown, and a family with a Type 1/1 
combination w i t h  Earth a r r i v a l  dates around 245 0800. 
mately t h e  same Mars departure date range. 
There is US0 
This second family is  characterized by Earth a r r i v a l  dates around 
I n  addition, there  is a family with a Type 2/1 canbination, i n  
A l l  families have approxi- 
Most of the minimum veloci ty  missions t h a t  y i e l d  t h e  mission veloci ty  char t  
l i e  on o r  near the  1.1 Venus r a d i i  passage distance cons t ra in t  o r  they l i e  
near the r ight  edge of the window where t h e  surface s t a r t s  t o  fo ld  back on 
itself. !The few cases where the minima are s ta t ionary  are: 
Stopover Time Mission Duration 
Propulsive 
Braking 
Aero 
Braking 
600 
640 
480, 5 2 0 ,  560, 600 
560, 600, 640 
640 
The Earth entry speed associated with t h e  minimum veloc i ty  missions are almost 
exactly the saae for all three stopover times considered. 
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1999 OUTBOUD SWIlloBY 
This Category 3 opportunity contains Type 2 Earth-to-Venurr t r a j e c t o r i e s  aad 
Type 1 Venus-to-Hars t raJec tor ies .  
date rang.8 investigated.  
cu%-ou% in time upper iefi comer of t i e  swingby ieg contours. 
tion may be noted in the 1988 inbound opportunity. 
the excess rpeatd at Ventu, arris is less than the ainhum departure ve loc i ty  
requirement for a Venus-Mus t ra jec tory .  
This the  oaly family available in t he  
The mat unusual feature in t h i s  i d l y  is the 
A simiim situa- 
Physically,  t h i s  is because 
For the most par t  the  minimum mission ve loc i t i e s  f o r  propulsive braking at 
Mar6 are not affected by the cons t ra in t  on Venue passage distance. The 
m l y  exception is the  480-dq mission duration, 6 6 -  stopover case. 
the  other  hand most of the minimum veloc i ty  missions f o r  aerodynamic braking 
do l i e  on or very near the constraint .  
axe: 
On 
Those cases that appear t o  be exceptions 
Stopover Times u8SiOIl Durations 
0 680, 720 
30 680, 720 
60 720 
The 720-aSy duration, minimum veloc i ty  missions employ d i r e c t  return t r r j a c t o r i e r  
with an E a r t h  a r r i v a l  date QB the  boundary of the date range investigated.  
The E a r t h  entry speeds associated with the minimum veloc i ty  missions f o r  the 
t e r o  cund 60-d4r 8toporere are generally wi th in  1 km/sec o r  less of those f o r  
the 3O-w rtoporars. 
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Appendix 
MAGNETIC TAPE DATA DESCRIPTION 
The magnetic tape consis ts  of separate data records f o r  each ewingby o r  d i r ec t  
t r a j ec to ry ,  
each opportunity being one block. 
chronologically and are organized by holding arrival date  f o r  the  leg constant 
while varying the launch date.  
swingby t r a j ec to r i e s  where the  Mars and E a r t h  dates a r e  t h e  same but each aol- 
ution has a d i s t i n c t  Venus swingby date.  
arranged i n  order of increasing swingby date.  
These data records are grouped i n t o  data blocks with each leg of 
Within each block t h e  data are presented 
Multiple solut ions occasionally occur f o r  
When t h i s  occurs, t he  data are 
The data for each t r a j ec to ry  consis t  bas ica l ly  of the sme quant i t ies  defined 
i n  Sections 4, 5 and 6 fo r  the  tabular data. I n  Table A-1 at the  end of t h i s  
appendix, i s  l isted the symbol f o r  each word i n  t h e  data record. 
the  def ini t ions given below, t h e  symbols are as defined i n  Sections 4, 5, and 
6. Note, however, t ha t  t h e  event number on t h e  symbols r e f e r  t o  the  leg only 
and not t o  an e n t i r e  mission, 
a r r i v a l  at the planet indicated by data word No. 3, NP , regardless of whether 
t h e  mission is an inbound or  outbound swingby. 
resents  the sun angle at the  t a r g e t  planet whether it be Earth or  Mars. 
data are real numbers f o r  all parameters except those spec i f i ca l ly  defined 
below as integers.  
Except f o r  
Thus, event No. 4 f o r  swingby t r a j e c t o r i e s  is  
a 
Note also t h a t  t he  SUN A rep- 
The 
No alphanumeric o r  BCD information is wri t ten on t h e  tape.  
For swingby t r a j e c t o r i e s ,  the record cons is t s  of 53 words while, f o r  d i r ec t  
t r a j ec to r i e s ,  26 word records are used; words 27 t o  53 contain data per t inent  
only t o  the second l eg  of swingby t r a j e c t o r i e s  and t o  the  ac tua l  swingby. 
8 
JD 
JD8 
FLAG1 
FLAG2 
DESCRIPTION 
Departure planet number, integer  4 f o r  Eu-th or i n t ege r  
5 f o r  Maxn. 
Swingby planet number, i n t e g t r  3 f o r  Venus or  in teger  
zero f o r  d i r ec t  legs. 
Arrival planet number, in teger  4 fo r  Earth o r  in teger  
5 fo r  Mars. 
Ju l i an  Date (Minus 240 0000.0) at departure. 
Ju l ian  Date (Minus 240 0000.0) at  Venus swingby. 
f o r  d i r e c t  legs. 
Ju l i an  Date (Minus 240 0000.0) at arrival. 
TYpe/Class flags for  t h e  flrst l e g  and second leg.. 
There a m  five digit in tegers  con ta in ing the  tJrpe and 
four  class f lags  fo r  each leg. 
be represented 88 
Zero 
The f i n  d i g i t s  can 
where : 
T is  the type flag with 
T = 1 f o r  Type 1 (Oo - + 
T * 2 f o r  Type 2 ( l a o  < + 
where + is the t r a n s f e r  angle, 
180°), and 
360°), 
and : 
C v D  
a particular hyberbolic excess veloc i ty  (V,) decreases 
o r  increases with UI increase i n  f l i g h t  time (tf) while 
holding a par t icu lar  date (TD) fixed. 
in term of  partial der ivat ives  M 
is 8 class flsg vhich is 1 o r  2 according t o  whether 
This can be 8t8t td  
%ese flags are u8eful i n  dis t inguirhing among t he  various families v i t h i n  8 
given opportunity. 
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< o  9 C = 1 when - v D  
+D 
and : 
where : 
= VI at departure for v = 1 v-v 
= V, at arrival f o r  v = 2, 
and : 
TD = date at departure f o r  D = 1 
= date at a r r i v a l  for  D = 2. 
Since ,CD is calculated by f l n i t e  differences,  the  c l a s s  
flags may not always be correct  i n  regions where the  
corresponding partials go t o  zero. 
t o  zero fo r  d i r ec t  legs because they were not calculated,  
1C2 and 2C2 are s e t  
The data blocks mentioned above are each headed by M I D  record which serves 
both t o  define cer ta in  parameters per t inent  t o  t h e  block and t o  separate  t h e  
blocks from each other.  To f a c i l i t a t e  reading, the I D  record cons is t s  of  53 
words of which only the  first four contain data, t h e  rest being zero, Below 
is a description of each word i n  t h e  I D  record. 
WORD 
1 
-
2 
DESCRIPTION 
An integer f lag  set t o  1000 t o  dis t inguish t h i s  record 
from t h e  data records which contain t h e  launch planet 
number i n  the  first word. 
The integer  calendar year of t h e  mission opportunity 
represented by the  data block. 
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3 An integer  f l a g  indicating the  l e g  represented by t he  
block. 
= +2 for  outbound swingby 
= -2 fo r  inbound swingby 
= +1 for  outbound d i r ec t  
= -1 f o r  inbound d i r ec t  
The in teger  number of words on each data  record i n  t h e  
block = 53 fo r  swingby data and = 26 f o r  d i r ec t  data. 
5 - 53 Not used, set t o  zero. 
The da ta  blocks are arranged first by the l e g  and then by t he  opportunity. 
Below is a l i s t  of the  blocks i n  the  order i n  which they we t o  be found on the  
tape.  
BLOCK -
9 
10 
11 
12 
13 
1 4  
15 
16 
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DESCRIPTION 
Outbound Swingbys 
1978 
1980 
1984 
1986 
1990 
199 3 
1997 
1999 
Inbound Swingbys 
1975 
1978 
1982 
1988 
1990 
1995 
1997 
1984 
Outbound Direct 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
1975 
1978 
1982 
1984 
1988 
1990 
1995 
1997 
Inbound D i r e c t  
1978 
1980 
1984 
1986 
1990 
1993 
1997 
1999 
A t  the  end of t h e  last block is an I D  record with a m r o  in the  second word 
t o  signal the end of t h e  tape. 
one f i le.  
All of the t r a j e c t o r y  data are wri t ten  on 
The data are stored on the magnetic tape at a densi ty  of 800 b i t s  per inch. 
The tape itself wan prepared for reading by an IBM 7094 Fortran IV Version l2 
or Version 13 system. 
numerical data t o  f a c i l i t a t e  conversion of the tape t o  other  systcms. 
The e n t r i e s  contained on the  tape were limited t o  binary 
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TABU A-1 
WORD STORAGE MAP 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
ll 
12 
13 
1 4  
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
SYMBOL 
Hpd 
NP 
FIP 
JDd 
JD 
SUIV A 
SPEED1 
RA1 
DECLl 
11  
v 1  
PSI 1 
ECCElp 
SMA 
-1 
THET2 
PERIH 
APEEL 
PSI 2 
v 2  
I 2  
DECL2 
RA2 
SPEED2 
FLAG1 
S 
8 
% 
8 
DATA WORD 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
SYMBOL 
SPEED3 
RA3 
DECL3 
I 3  
v 3  
PSI 3 
ECCFN 
SMA 
=3 
THET4 
PERIH 
APHEL 
PSI 4 
v 4  
I 4  
DECLL 
RA4 
SPEED4 
FLAG2 
KAPPA 
-A 
E 
XNC 
RAP 
DECLP 
ETA 
PERIC 
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